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Preface

SIIE is an international forum of Spanish-speaking, Portuguese-speaking
and English-speaking researchers devoted to investigate and implement the
use of computers in education.

In 1999 the Symposium was held in Aveiro, Portugal. In the year 2000 it
was celebrated in Puertollano, Spain. Other meetings preceded this
Symposium, namely, the “Simpósio de Investigação e Desenvolvimento de
Software Educativo” held in Lisbon, Coimbra and Evora, two Congresses
held in Spain and organised by ADIE: Encuentro de Informática Educativa,
in Madrid and the so successful ConieD’99 held in Puertollano in 1999. A
collection of Conied’99 papers is also published in this collection with the
title “Computers in Education in the 21st Century” (2000).

ADIE (Association for the Development of Computers in Education)
undertook the organisation of the congresses and symposiums on Computers
in Education. It is an association which organises meetings for researchers in
Spain, Portugal and Latin America. ADIE publishes “Revista de Enseñanza
y Tecnología” in Latin America quarterly.

The 2nd International Symposium on Computers in Education brought
together international groups of researchers to share experiences, making it
possible to establish international relations enabling the realisation of
European and other international projects. 135 papers were proposed to the
Symposium. 50 papers and 11 posters were accepted for presentation. This
book is the publication of the three plenary lectures and a selection of the 28
best papers presented at SIIE’2000. These proceedings deal with the topics
established for discussion at the Symposium, namely, Human-Computer
Interaction, Collaborative Learning, Distance Learning, Artificial
Intelligence in Education, Multimedia and Hypermedia in Education,

xiii
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Intelligent Tutorial Systems, Educational Software: creation, development
and evaluation, Teacher Training in Communication and Information
Technologies, Educational Applications for People with Special Needs.

Manuel Ortega and José Bravo
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Artificial Intelligence in the HyperClass: Design Issues

John Tiffin, Nobuyoshi Terashima and Lalita Rajasingham

1. INTRODUCTION

On 15 December 2000 a three-way link was successfully made in
HyperReality between Waseda University in Japan, Victoria University of
Wellington in New Zealand and the Queensland Open Learning Network in
Australia. The avatar of Lalita Rajasingham, who was in New Zealand,
handed a virtual CD-ROM to the avatar of Anne Gooley in Australia, who
then handed it to the avatar of Professor Nobuyoshi Terashima in Japan, who
showed them how to slot it into a virtual computer. Three people in different
countries interacted with each other as though they were in the same
classroom, yet at each of the three sites only one person was physically
present and the other two were virtually present. This was the outcome of
five years of collaborative research between the authors. In previous
experiments they had managed to stage a HyperClass between Japan and
New Zealand but this time they established the technical viability of a
HyperClass between multiple centres. It means that classes can be held
which link a group in a conventional classroom with other groups of teachers
and students who may be physically located anywhere in the world. This is
happening already on the Internet but the HyperClass introduces a new level
of interaction.

Although at the moment the degree of interaction in the experiment is
only possible with high level computing facilities (the experiment used SGI
02) current use of the Internet for educational purposes makes it possible to
envisage this kind of development becoming available for education some
time in the first decade of the new millennium. There is another dimension.

1
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2 John Tiffin, Nobuyoshi Terashima and Lalita Rajasingham

The HyperClass is an application of HyperReality, a technology which also
provides a platform for interactive communication between human
intelligence and artificial intelligence. The HyperClass will make possible
the widespread application of AI in education.

Nobuyoshi Terashima lead the team at the Advanced
Telecommunications Research (ATR) Laboratories in Japan which first
developed HyperReality (HR). HR provides a space for the interaction of
virtual reality and physical reality and human intelligence and artificial
intelligence [1]. It makes possible a future where virtual people, virtual
objects and virtual settings can coexist and interact with real people, real
objects and real settings and for human intelligence to comingle with
artificial intelligence in a way that appears seamless. Clearly the technology
used in the experiment is not yet at this stage. At this point the technology is
gearing toward a first application of HR on the Internet with the kind of PC
that we can imagine being widely available in a three or four years time.
However, the use of curved widescreen technology in the original
experiments at ATR made it possible for real and virtual people to work
together in a perceptually seamless environment. We can imagine that, with
the trend toward large flat visual display units, a more immersive form of
HR will emerge in our living rooms and classrooms. In the long run HR is
seen as a datasuit application which, like mobile phones, will be available
almost anywhere.

John Tiffin and Lalita Rajasingham of Victoria University of Wellington
have for the last 15 years been engaged in research into the design of virtual
schools and virtual universities based on their concept of the virtual class [2].
Tiffin and Rajasingham define education from a neo-Vygotskian-
perspective as a communication system that allows teachers to help learners
to apply knowledge to problems. In conventional educational systems the
means of communication for this are the transport systems that bring
teachers and students together with their books, the classroom which allows
face to face interaction and the textbooks, exercise books and whiteboard
which house the knowledge and problems they are concerned with. This
process can now be done by the Internet. A virtual class, therefore, means
the interaction of teachers and students to apply knowledge to problems by
telecommunications and computers.

In 1997 the three researchers came together to initiate a project to design
a HyperClass [3]. Tiffin and Rajasingham had become interested in the
relationship between conventional classes and virtual classes and Terashima
could see in the virtual class a key application for HyperReality. The process
in a virtual class is the same as in a conventional class but in one case it
takes place between bits of information and in the other between atoms. It
therefore becomes possible to think in terms of HyperReality making
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possible a HyperClass. This can be defined as “interaction between a real
class and a virtual class about the application of a domain of knowledge to a
relevant class of problems conducted in HyperReality”. However, HR
introduces a new dimension. We need to add: “which may be enabled by AI
and between teachers and students who may have artificial intelligence.

The first experiments between Waseda University and Victoria
University demonstrated the technical feasibility of a HyperClass [3].
Students and teachers in Waseda and Victoria have been able to commingle
in the study of ancient Japanese cultural artifacts. To the people in New
Zealand the Japanese participants appeared as virtual people (avatars).
Similarly to the Japanese the New Zealanders appeared as avatars. The
artifacts were virtual objects based on a collection at the Tokyo University of
Fine Arts. Later experiments incorporated a virtual computer whose
components could be assembled. This allowed a simple teaching process
where someone in the role of a teacher in one country could assist someone
in the role of a student in another country when they had difficulties with the
problem of assembling the computer.

Thus far, therefore, the HyperClass project has been concerned with the
first aspect of HyperReality: with interaction for purposive communication
between physical and virtual realities. Now the design issues are shifting to
the second basic aspect of HR: that it provides a platform for communication
between human and artificial intelligence. How does one develop a
pedagogical communication system for a HyperClass which involves the
interaction of artificial and human intelligence and the possibility that an
avatar can represent a human intelligence or an artificial intelligence? The
authors begin with Tiffin and Rajasingham’s neo-Vygotskian model of
education as a communication system. This sees four critical communicative
components: teachers, learners, knowledge and problems. Each of these four
factors can be regarded as a potential point of application for intelligent
agents. There is also the fact that a purposive system such as a class must
have an organising subsystem. This represents another area where intelligent
agents can be used.

2. ORGANISING AGENTS

A conventional class is a living system designed for learning. As such it
needs a control system to bring teachers and students together, along with
textbooks and exercise books, at fixed times and in fixed places with the
purpose of learning a set curriculum and having this tested.. Every school,
college and university has an administrative system based on human
intelligence located in offices. It is rapidly becoming a norm for offices to
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have computers and telecommunications and an Internet connection. Agents
are now being designed for use in such computerised office systems to help
organise simple but, for humans, time-consuming tasks, such as setting up
meetings and planning and adjusting the flow of events. In a conventional
school bells will ring to announce the start and end of classes and everyone
has a timetable that tells them which class to go to and when. Getting people
together in a HyperClass could still involve this, but it could also be
facilitated by an agent advising participants when to go to which classes. If
they were on-line it could simply switch them from whatever they were
doing into the HyperClass.

Students get lost in the detail of what they are supposed to be doing and
what they are actually doing, they become confused about where a particular
class or test fits into their overall progression through a subject and how and
where they are achieving or failing. They seek to make meaning about
themselves as learners in what to administrators and teachers can seem
irritating questions about their grades and how they did on individual
questions and exercises. Such questions involve looking up routine data and
would seem to be territory for simple organising agents.

3. KNOWLEDGE AGENTS

The idea of knowbots has been around for some time. Agents are now
widely used to search the web for specific information. A shopping agent
will not only find services and goods advertised on the web but can also
compare prices and terms. The parallel concept, the knowledge agent would
find and evaluate the knowledge a learner or teacher wants at a particular
moment.

Search engines in their various forms are seeking to become intelligent in
an attempt to deal with the rapid growth and increasing complexity of the
web. A HyperClass, however, while having a generic communicative
function, is conceived as functioning in a coaction field that operates from a
subject-specific data base [1]. The knowledge agent would, therefore, be
specialist in searching, compiling, monitoring and evaluating knowledge
only in the specific field of learning of a specific coaction field.

Given the growth of the web, knowledge agents will also need to be
selective in terms of learners' needs. It would for example be possible to
assess the language level of a particular knowledge base and relate this to the
reading level of a student. A growing concern in the use of the web for
education is with the reliability of the knowledge sources. A knowledge
agent could form an estimate of the reliability of the knowledge through a
count of references. Would this be any less discriminating than the personal
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evaluation of an individual teacher? Students already use the Internet to
check the readings recommended by their teachers with those recommended
by other teachers in other countries teaching similar courses.

4. PROBLEM AGENTS

Fundamental to the Vygotskian approach [4] is that knowledge has an
application and education is about learning how to apply it to a domain of
problems. What makes education different from other communication
systems is that it is not just a flow of knowledge from teacher to learner. The
learners learn to apply that knowledge and are tested to see how they cope
with samples taken from the problem domain. Mathematics teachers set
mathematical problems to see if students can apply the principles and
theories which form the body of knowledge we call mathematics. In doing
this millions of mathematics teachers around the world are marking billions
of mathematical problems in the same way that mathematics teachers for
thousands of years before them have done. The simpler the sum, the more
repetitive the task. This is work for computers not humans and for many
years now computerised devices have been available for providing problems
that test elementary mathematical skills.

Most mathematical skills are closed. The problems have only one answer.
Many of the basic skills in science subjects are also closed in the sense that
students learn a fixed procedure which produces a fixed result. Various kinds
of computerised testing systems have long been used to mark and evaluate
performance in such subjects and these become increasingly effective and
sophisticated. As life-long learners using a computer we are now subject to
automatic checking of our spelling, punctuation and grammar and our PCs
are becoming teaching machines.

What, however, of the subjects where the application of knowledge to
problems is open to many interpretations? What about the levels of learning
which centre on the questioning of the nature of knowledge and problems,
where there are no perfect answers? Teachers involved in such subjects and
levels of learning recognise that most students will at first follow fairly
standard lines of enquiry until they engage the subject at a complex level that
involves profound interaction with their teacher. Problem agents could sift
through naïve attempts at problem solving and deal with Frequently Offered
Answers and Frequently Asked Questions before human intelligence is
involved. An agent attached to a particular problem domain would in time
become expert in the different approaches to those problems. It would be
able to recognise the different kinds of mistakes and provide appropriate
cues, leaving new, unusual and difficult problems to human intelligence. As
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time goes by it may be that the agent would learn more and more of the
possible interactions and the human would be left with the ever more exotic
aspects of the problems.

An evaluation agent could collect and collate data across problems and
students to make possible evaluation of the problems themselves or of
learner behaviour in solving the problems. It could help draw a distinction
between whether it is the problem that is badly set or the student who is
badly prepared.

5. TEACHING AGENTS

At the heart of the Vygotskian approach expressed in the Zone of
Proximal Development (ZPD) is the idea that when a learner has difficulty in
applying knowledge to a problem they will learn more effectively if they can
turn to someone in the role of teacher who can help them [4]. Tiffin and
Rajasingham [2] noted that human teachers cannot be endlessly available but
a teaching agent could. They also suggested that the help could be based on
instructional  hierarchies.

The structure of a problem [5] is not necessarily the structure of the
knowledge needed to resolve it, nor are the structures of problems and of
knowledge the same as the structures involved in the design of instruction. In
instructional design the ability to apply knowledge to a category of problems
is regarded as a skill or competency. These can in turn be seen as having
hierarchical structures in which simple skills are mastered before proceeding
to more complex higher level skills [6]. Hierarchies can be designed and
iteratively tested in pursuit of optimum learning sequences. Theoretically
this provides a basic mechanism for diagnosing where a learner is having
difficulty. It also suggests a function for an instructional design agent that
can patiently prompt and evaluate student progress against the possible paths
through an instructional hierarchy. However, possibly the main strength of
such an agent lies in a latent ability to endlessly monitor and iteratively
improve the design of instruction.

6. LEARNING AGENTS

Where the design of learning hierarchies seeks the optimum learning path
for the average student, the field of individualised learning recognises that
different learners have different styles of learning. The constructivist
approach in education takes this a step further in that learners are seen as
giving their own structure to what they learn. Tiffin and Rajasingham [2]
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proposed learning agents that adapt over time to the learning needs of
individuals and can even become life-long learning assistants. In this case an
agent is needed that learns the way an individual learner learns in order to
suggest the best learning pathways for them and to help them mature their
learning styles. In doing so the agent would need to relate to knowledge
structures, problem structures and instructional designs. This brings us to a
point where we need to look at the integration of the different agent
functions described above.

7. THE JITAIT (JUST IN TIME ARTIFICIAL
INTELLIGENT TUTOR)

The AI agent functions are described above as discrete processes and we
can recognise that in some form most of them already exist. They are, in the
main, activities which a human teacher performs as a routine part of their
job. However, what makes the human teacher special is that they do so in an
integrated intuitive manner as part of their ongoing communication with
their students. Could an AI virtual teacher in the form of an avatar
implement these different functions as though they were linked processes
and thereby simulate the basic role of a teacher? Initially we can suppose
that the functions may be programmed separately and accessed as needed by
the learner. Would it be such a big step to have an avatar cued by the learner
to switch between modes in a manner that could become increasingly
seamless? In due course the functions themselves could be increasingly
integrated. Is there then anything inherently impossible or unlikely in the
scenario below?

‘He (an avatar in she shape of a wise old owl) had been with her
since she was a child. Of course in those days he looked like a cartoon.
He would roost somewhere up in the right hand corner of her Computer
Generated Virtual Reality and any time she raised her hand to him he
would blink and look at her and be ready to help. He knew exactly
where she was in her studies and that she hated to be told how to do
things, preferring to work them out for herself, but he was so good at
suggesting things she could try when she was really stuck. She got her
first datasuit when she was in high school and then he became like a
real owl. When she wanted him all she had to do was look at him and
he would fly over and perch on her shoulder. His gentle whisper of
encouragement and advice helped her through the bad patch when her
parents divorced. It was through his guidance that she became a teacher
herself. He was with her all through her time in the Trans-Pacific
Teleteaching Training College. By that time she knew he was in touch
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with other virtual teachers. With them he organised the virtual classes
and it was through those links that he was able to advise her on how to
relate to the other students with all their different cultures. Funny the
shapes their virtual teachers took. The Thai student brought an elephant
along with him and there was the girl from Peru with her virtual teacher
as a snake coiled around her neck.

Now that she was a teacher herself he was still there for her. He
knew so much about her. All she had to do was whisper his name and
she could feel his grip on the shoulder of her datasuit ready to listen to
the problems she was up against and look for the knowledge she
needed. Trouble was when she had to lift the Head-Mounted Display
Unit off to deal with the real world...’

(Tiffin and Rajasingham 1995) [2]

8. CONCLUSION

At the moment HyperReality technology is in an experimental stage and
the form it will take when it is vended as an infrastructure technology has yet
to emerge. However, interaction between virtual and physical worlds has
been with us at least as long as the written word. The telephone allows us to
talk anywhere with virtual voices and at its most basic, HR is simply the
ability to telephone the whole person, plus the piano and the cat. We begin to
see how this could be, when we look at the current genre of virtual worlds on
the Internet and the increasing realism of computer games. The first
experiments with a HyperClass establish that it is technically feasible to
conduct a conventional class in conjunction with a virtual class. The process
makes anywhere anytime education possible and already such institutions as
the Queensland Open Learning Network and the School of the Future at the
University of Sao Paulo are taking an interest in the possibilities for global
HyperSchools and HyperUniversities. However, what may be the critical
issue for the future of education is that the introduction of a HyperClass will
also mean the widescale introduction of AI to education. There are already
many simple uses of AI agents that could be applied in HR to assist the
teaching process. However, it is in the long term, as HR technology evolves
and becomes seamless and it becomes difficult to tell whether a student or
teacher is real or virtual, that the issue of whether it is driven by human or
artificial intelligence may come to dominate our concern.
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Advanced Learning Environments:
Changed Views and Future Perspectives

Rosa Maria Bottino
Consiglio Nazionale delle Ricerche - Istituto per la Matematica Applicata
Via De Marini 6 – 16149 – Genova – Italy
Email: bottino@ima.ge. cnr. it

1. INTRODUCTION

In the course of time the introduction of information and communication
technologies (represented here and onwards with the acronym ICT) in
education has been studied according to a range of perspectives. The benefits
and the drawbacks of using technology in the school setting have been
widely debated within the educational communities. Reference has been
made to paradigms influenced, on the one hand, by the new possibilities
offered by the rapid development of technology and, on the other hand, by
the evolution of the cognitive and educational theories (explicitly or
implicitly referred).

In the course of time, though with different approaches, methods and
instruments, the objectives of the introduction of ICT in education have been
substantially the following:
– developing new capabilities in the students permitting their integration in

a society which computers have deeply modified;
– designing and/or using ICT-based tools for transforming and improving

the teaching of disciplinary content.
In this work I refer to this second objective and I consider the role that

ICT-based tools can assume in mediating teaching and learning processes.
More specifically, I consider ICT-based tools explicitly designed with
educational purposes. I will not discuss the role, even though important, that
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the use of “general purpose” tools, such as spreadsheets or software systems
for drawing, can assume in education.

I will start with a brief discussion on the main aspects of the evolution
that, since the beginning of the 80s, the research studies on the design and
use of educational ICT-based systems has undertaken. I will then try to point
out how the implementation of innovative learning environments, based on
advanced technology, is the result of the strict interrelation between
educational and cognitive theories, technological opportunities, and teaching
and learning needs. As a matter of fact, the introduction of a new technology
can bring with it a potential for education only if educationalists confront
themselves with the necessity to understand, not only the technical and
management problems related to its use, but also how the new possibilities
offered by technology can help in the overcoming of problems usually
encountered in didactical practice. Hence, this will occur only if they
consider how technology can influence or change the nature of the pedagogy
which can be developed thanks to its mediation.

According to this framework, my work discusses some principles for the
design of effective learning environments to be used at school.

As an example, I refer to an innovative ICT-based tool, which has been
designed and implemented to support the development of abilities in
arithmetic problem solving with students in compulsory schooling.

2. SOME ELEMENTS CHARACTERISING THE
EVOLUTION OF ICT-BASED EDUCATIONAL
SYSTEMS

In this section I briefly consider some of the main orientations which
deserve being pointed out in the research studies performed on the design
and use of computers in education. Necessarily my discussion is neither
detailed nor complete. The aim is to demonstrate that educational computing
is a multidisciplinary research field where it is necessary to co-ordinate
contributions and competencies taken from different fields: technology,
ergonomics, computer science, psychology, besides those related to the
specific application area (e.g., didactics of a given discipline).

2.1 The transmission metaphor

The first ways in which the computer had been used for educational
purposes were influenced by behaviourism that considered learning as an
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induction of a required behaviour according to the well-known model
“stimulus-response”. The reference (implicit or explicit) to this model has
brought to the design of drill and practice programs that are mainly aimed to
exercise the student in the development of specific, often quite limited,
competencies and abilities [1]. These programs, in the course of time, have
undergone evolutions from a computer science point of view: from the first
systems with rigid interfaces where all the possible answers were pre-
programmed, to systems where the use of Artificial Intelligence techniques
and methods allowed the customisation of the interface, the type of proposed
exercises and the feedback obtained. Drill and practice systems, even now,
represent the most relevant part of the educational computer-based systems
available on the market. They usually employ some form of questioning
strategy and often use some gaming techniques for encouraging participation
and motivation. They include only minimal content instruction and are
frequently used to test the acquisition of a given ability or to provide
additional exercises to students who show problems or delay in the
acquisition of some of the skills proposed by the curriculum. Ordinarily
these programs are not used during the normal class activity but for
individual training during “ad hoc” hours or at home.

Tutoring systems, differently from drill and practice systems, include
content instruction in a given topic. They are often based on an information
processing approach to learning. That is to say, in their design importance is
ascribed to factors such as reinforcing memorisation, presenting objectives,
specifying prerequisites, eliciting and assessing performance. Presented
questions require application of the concepts or rules covered in the
instructional sequences. Feedback is often diagnostic by identifying
processing errors and prompting remediation or recasting of the instruction
[2]. These systems are often thought as “stand alone” systems, designed as a
single learner’s private tutor. Their use in classroom practice is limited since
they often are perceived more as replacements of teachers than as tools to
help them in their work. It can be observed that this kind of approach to the
use of computers in education grounds also in the basis of some distance
learning courses based on the web that are now progressively widespreading.

Educational advantages in the use of both drill and practice and tutorials
programs have revealed themselves quite limited. Their utility has been
underlined in specific cases such as, for example, the performance of
remedial activities (i.e. the handling of written calculations algorithms in
arithmetic, or, in the domain of language, the development of spelling and
grammar abilities) or the instruction on specific topics (i.e. initial training in
the use of a software product).

These systems do not substantially change the way in which the user
interacts with a given knowledge and does not contribute to create new ways



14 Rosa Maria Bottino

to give meaning to concepts related to it. The prevailing metaphor is that of
the system as an environment where knowledge is transmitted in order to be
acquired by the user.

This metaphor grounds also in the development of many educational
hypermedia systems. The main difference is that, by interacting with them,
the user begins to assume an active role since she/he has the possibility to
explore the presented contents following her/his needs and preferences
according to personal paths [3].

2.2 The learner-centred metaphor

The increasing interest on constructivist theories has deeply changed the
reference paradigm within which the computer is considered for learning
aims. The attention has been progressively centred on the internal aspects of
the student, on her/his attitudes and behaviours and on the cognitive
processes that are involved in the learning interaction with the computer [4].

One of the major forces which has driven change has been the
assumption that meanings are lost if learning is simply seen as the
transmission of information. This approach is suitably expressed in key
words used by many authors to describe and frame their own work;
expressions such as "learner-centred systems" and "problem-based learning"
have become more and more frequent in the literature (see, also, Norman
and Spohrer, [5]). These terms suggest the idea that learning improves if the
learner is immersed in some topic and is motivated to seek new knowledge
and acquire new abilities by solving problems that the teacher has selected
and organised so that the student can tackle them in a “natural” way. Hence,
learning is viewed as being based on an active exploration and personal
construction, rather than on a transmissible model.

Microworlds are an example of systems that are designed according to
this general framework. The notion of microworld has undertaken a deep
evolution since when, for the first time, this term was used by Minsky and
Papert in a MIT report [6]. Initially the term microworld was used within
Artificial Intelligence research studies to describe a domain of objects and
activities (circumscribed and quite simple) that can be represented as a
computer program. This concept was used to study and implement automatic
strategies for the solution of problems. Classical examples were the world of
blocks and the chess game. Papert was the first who investigated the
possibilities offered by microworlds to the educational field. He considered
the microworld notion with a slight but important change with respect to the
meaning adopted till then: the simple (and constrained) domain was intended
as part of a knowledge domain meaningful from an epistemological point of
view [7]. So the notion of microworld changed - from a notion useful to
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instruct the computer to automatically solve problems in circumscribed and
constrained contexts - to a notion useful to design environments suited for
the learning of a given knowledge.

Even if there is no standard definition of the term 'microworld’, there is
agreement among researchers on a number of characteristics which are
usually considered necessary for qualifying a system as a microworld (see,
for example, Laborde and Strasser, [8]). For example, microworlds should
provide the user with a number of primitives (objects and functions) that can
be combined in order to produce a desired effect (computational, graphical,
etc.). They should embody an abstract domain described in a model, and
offer a variety of ways to achieve a goal. Moreover, they should allow the
direct manipulation of objects, etc.

A microworld is built up around a given knowledge domain which has to
be explored interacting with the program. Hence, in the design of
microworlds for educational aims, a crucial role is assumed by the objects
that are made available to the user through the interface of the microworld.
Papert defined them as transitional computational objects, that is, objects
which are inbetween the concrete and directly manipulated, and the symbolic
and the abstract.

Consequently, an increasing importance is ascribed to the epistemology
at the basis of a microworld as a key factor to distinguish between
potentially powerful environments and environments less appropriate for
exploration. The exploration is necessarily constrained but in a way suited to
favour learning. In the mathematical field, a well-known example of this
type of computer-based system is Cabri Geometre which has been designed
to develop capacities in the formulation of conjectures and proofs in
Euclidean geometry [9].

In general, the attention was on individual behaviour and the objective
was to design and analyse learning situations where knowledge could
emerge from interaction between the student and the computer environment.

The "learner-centred" approach applies the principles at the basis of the
"user-centred" approach to the educational field. The "user-centred"
approach has been assumed as reference in human-computer interaction
studies for the construction of modern interfaces [10]. At the basis of this
approach is the user (the learner) who has to solve a given task through the
interaction with the system and the exploitation of its functionalities. Thus,
the interest is on the needs, the abilities and the previous experiences of the
user (the learner). The designer should anticipate the mental model of the
system the user will develop so as to build up an interface that is suited for
the development of given tasks.

Even if the above described orientations have brought to the development
of a number of projects that have produced significant results at the research



16 Rosa Maria Bottino

level, it is nevertheless true that the high expectations regarding ICT-based
tools potential to drive change and innovation at school remain largely
unfulfilled (see, Andrews [11]; Bottino and Furinghetti [12]; Pelgrum [13]).
One of the main reasons for this (disregarding factors related to hardware
availability and management, and to the traditional resistance of both the
school system and teachers themselves to change) is that technology has
often been introduced as an addition on to an existing, unchanged classroom
setting [14].

2.3 The participation metaphor

Many research studies reveal that it is pointless from a pedagogical point
of view to make computers available at school if the educational strategies
and activities the students engage in are not suitably revised.

This observation often arises from analyses of how ICT are normally
used in current practice. Often, a technological tool is used for educational
purposes on the assumption that somehow or other it will lead to an
educational improvement simply because the tool itself is considered to be
"good". Seen in this light, technological tools are appreciated if they are rich
in features or have a pleasant interface; no regard is made as to whether the
tool in question is conceptually complex, whether it entails lengthy training
before it can be used effectively, or how the teacher's role or teaching
methods and contents need to be redefined to accommodate its use in the
classroom [15]. This simplistic approach usually generates initial enthusiasm
for a system, followed by disillusionment. The problem is that software
environments are often evaluated on the basis of very general, ill-defined
expectations, resulting in a lack of understanding about the conditions under
which the educational use of such tools might be meaningful.

In recent years, this issue has represented a major topic for discussion in
the debate that researchers have been conducting in the domain of
educational computing. At theoretical level, we have assisted to a
progressive move from cognitive theories that emphasise individual thinkers
and their isolated minds to theories that emphasise the social nature of
cognition and meaning [16]. An increasing importance is ascribed to theories
that highlight the importance of studying the relations among individuals,
mediating tools, and the social group (reference can be made to theories such
as Activity theory, Situated Action Models, Distributed Cognition. For a
short account on these theories, see, for example, Nardi [17]). These theories
suggest a reformulation of learning in which practice is not conceived as
independent of learning and in which meaning is not conceived as separate
from the practices and contexts in which it is negotiated.
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Technology design and use are thus being progressively considered in
relation with the whole teaching and learning activity and not merely with
the development of specific abilities and/or the accomplishment of particular
tasks. For example, Bellamy [18] observes how technologies must be
designed to support not only students' learning activities but also teachers'
activity, since it is only by understanding and designing for the whole
education situation that effective and valuable changes can be brought about
in the classroom.

Increasingly, technology is being studied in relation with long-term
teaching and learning processes of the kind needed for the development of
complex articulated knowledge (e.g., arithmetic problem solving, Newtonian
principles in Physics, comprehension and communication in language, etc.).
For the development of such abilities, the student-software unit of analysis
does not suffice as it is necessary to consider the whole set of interactions
established in a class over the course of time.

As the matter of fact the mediation offered by a given software to
cognition, is not sufficient to explain the learning aspects related with
motivation, with goals formation and with the attribution of a meaning to the
whole activity which goes beyond the meaning of the single actions involved
in the performance of a task. The analysis of these aspects requires looking
at learning not only as an individual construction developed during the
interaction with the computer but also as a social construction developed
within the whole learning environment.

The concept of learning environment itself has undergone a deep
transformation in the course of time and its evolution has substantially
contribute to change the way in which the mediation offered by technology
to educational processes is considered. At the beginning, as it is witnessed
by the terminology frequently adopted in the literature, educational software
applications are often referred to as learning environments, thus focusing
attention on the fact that it was the software itself, through interaction with
the student, that was to form the environment where learning can be
developed. Progressively the term learning environment is applied to the
learning situation as a whole where technology is ascribed an important
mediating role but does not cover the whole environment.

Consequently there is an increasing interest in aspects related not only to
software design but also in the definition of ways of use suitable for
exploiting software features in order to accomplish meaningful teaching and
learning activities.

This interest for the environmental aspects is not confined to research in
educational computing but is also being expressed in research areas like
social ergonomics and Human Computer Interaction (HCI) . Studies being
conducted in these fields consider the environment in which a given tool is
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used as an integral part of the tool itself (see, for example, the works of
Bevan and Macleod [19], and Suchman [20]).

This shifted paradigm has two different implications for the
implementation of effective ICT-mediated learning environments.
Technological tools influence and transform the activities performed with
their mediation, but, on the other hand, practice can deeply influence the
technology used. This is particularly true now, when technological progress
is constantly opening up new opportunities (for elaboration, representation,
communication, etc.) whose potential for educational purposes has yet to be
fully exploited. In other words, according to this approach, the way in which
technology can be used in social practice can prefigure new functions to be
included in the technology. These new functions and opportunities can
change the models of practice which have inspired the construction of the
technology itself [21].

It can be noted that the development of new models of practice can
prefigure new ways of using existing ICT-based tools that can change the
role that such systems has previously had and, consequently, the mediation
that they can offer to teaching and learning processes. For example, in
appropriately designed didactic situations, a hypermedia system can be used
to introduce students to activities of meta-cognition, such as a reflection on
their ways of organising knowledge in a given field, instead of as a tool to
deliver information on a given topic field (see, for example, the experience
reported in Bottino et al. [22]).

2.4 Towards a new generation of open learning systems

Some observations on the design and use of ICT-based educational
systems can be made to conclude the brief analysis performed in the
preceding sections.

We can observe that, in general, school curricula subsume different types
of teaching and learning methods, and so no single method or type of tool
used can be the choice for all occasions. Moreover, within any learning
domain, students’ and teachers’ needs evolve over the activities in which
they are involved and the tools have to support this evolution.

The performed analysis prefigures the possibility to develop a new
generation of open-learning systems which can be more appropriate to
mediate the new ways of looking at teaching and learning processes that are
now progressively affirming themselves. These systems should make
available tools able to support not only the relationship of the student with
the learning object but also all the relationships that are established between
participants during a teaching and learning activity.
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It is possible to delineate some general indications for the design and
analysis of such systems. Of course, these indications are to be detailed and
motivated according to the characteristics of the specific field of application
and educational context considered.

In particular, in the design of ICT-based educational systems, the
following issues assumes a crucial importance:
– The computational objects and interactivity that a system makes available

to the user and their relationship with the cognitive processes involved in
the acquisition of the knowledge for the learning of which the system has
been realised.

–  The tools offered to validate student’s action and the support they offer to
the evolution of student’s knowledge.

– The tools offered to support the re-elaboration of personal experience and
its sharing within the class.

– The tools offered to support the setting up of a social context able to
assist students’ performance and to favour the transformations of the
object of the teaching and learning activity that are necessary for
acquiring a mastery of a given knowledge domain.

Of course tools and features cannot by themselves guarantee learning.
They have to be used in order to support the construction of activities in
which learning could be the result of a social construction of meanings and
of their justifications.

3. AN EXAMPLE OF AN OPEN LEARNING MULTI-
ENVIRONMENT SYSTEM

In the following, I briefly describe a system which has been designed
taking into consideration the general issues above described. This system is a
multi-environment one that has been implemented to support the
development of abilities in arithmetic problem solving with primary and
lower secondary school students. The objective of the description is to give
an example of how the general indications evidenced in the previous section
can have a practical correspondence. The final aim is to show how a system
of this kind can support the design of teaching and learning activities
meaningful for the acquisition of a given knowledge.

ARI-LAB is a system that combines hypermedia and network
communication technologies in order to support the teaching and learning
activity in arithmetic problem solving.

The project of ARI-LAB is based, on the one hand, on research on
hypermedia and communication systems and on the design and
implementation of visual microworlds; on the other hand it takes into
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account the research in mathematics education with particular reference to
studies on applied problem solving, on the role of visual representations in
learning processes and on interactive learning.

The development of the ARI-LAB project has been an iterative process
based on the wide experiments of the system we have performed on the long
term in real classroom settings. Thus, the current version, now available on
the market, is deeply changed from the first prototype implemented [23].
The design of ARI-LAB (which has included the design of possible contexts
of use for the system) has been based on the model of human activity that
Engestrom has built on Leont’ev’s ‘Activity Theory’ [24]. This interprets
human learning as a systemic formation, taking into account its tool-
mediated, object-oriented nature and its grounding in communities of
practice (see [25]).

3.1 A short overview of the system

ARI-LAB is an open-learning system including a structured and
connected set of tools combining hypermedia and network communication
technologies. The aim of the system is to support the construction of class
teaching and learning activities in arithmetic problem solving (at primary
and lower secondary school level).

The problem solving activity is carried out by exploiting the action,
representation and communication possibilities made available by the
different tools which have been integrated in the system. These are: tools to
develop solution processes (microworlds); a tool to build and present
solutions (solution sheet); a tool allowing communication between users (the
communication environment); a tool to store all the actions the user
performed in the microworlds and in the solution sheet while solving a
problem (monitoring). Moreover, the teacher is granted access to yet another
tool (the teacher environment) which enables him/her to plan the didactical
activity and to configure the system according to educational goals and
specific needs of the students involved.

3.2 Microworlds

Microworlds are the mediating tools for the construction of solution
processes. Within microworlds, the user can create and manipulate
computational objects to develop the solution strategy for a problem. The
microworlds currently available are called: Coins, Calendar, Abacus,
Number Building, Number Line, Simplified Spreadsheet, Histogram, and
Art Bits.
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The first two microworlds have been designed to support the construction
of solution strategies for additive and multiplicative problems in fields that
are related to students’ real world experience (buying and selling, measure of
time). Abacus, Number Building and Number Line microworlds have been
designed to facilitate the development of capacities in numbers
representation and counting. The Spreadsheet and Histogram microworlds
are intended to support activities in fields such as that of real data handling
and formulae manipulation. Art Bits is a microworld for drawing. In each
microworld the user is provided with a visual language which allows him/her
to perform different kind of actions in order to obtain a visual representation
which can be useful for the solution of the problem at hand. For example, in
the coin microworld, coins of the Italian, or Euro, currency system can be
generated, moved on the screen, changed with others of the same value, etc. .
Some actions are available in all microworlds, such as the opportunity to
copy a visual representation in order to paste it in the solution sheet. Some
microworlds make available functions for the validation of the counting
process undertaken by the user. For example, in the coin microworld, it is
possible to select a (previously generated) coin or group of coins and to hear
the amount pronounced orally by means of a voice synthesiser incorporated
in the system. This feedback can also be obtained in the form of a movie
showing the amount in sign language so as to support the learning activity of
deaf children. The same kind of feedback can be obtained for a
representation accomplished in the abacus or in the number building
microworlds.

3.3 Solution Sheet

The solution sheet is the environment where the solution to a problem is
built up as a product to be shared with others (teachers, other students of the
same class, etc).

In the solution sheet the user builds up his/her solution to the problem at
hand by copying into this space the visual representations produced in the
microworlds that s/he considered meaningful for problem solution. The user
employs verbal language and arithmetic symbolism to comment on the
visual representations copied and thus to explain the solution performed.

3.4 Monitoring

ARI-LAB features a tool that automatically records anything a pupil has
done while solving a problem (every action performed in the microworlds
and in the solution sheet). This tool, called ‘monitoring’, makes it possible,
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at any time, to view the whole sequence of steps performed as a sort of
movie.

The tool transforms the resolution process undertaken in the microworlds
into an object that can be used in the activity for different didactical aims.
For example, it mediates the possibility to describe and interpret the solution
process through verbal and symbolic language, even after some time has
elapsed.

3.5 The Communication Tool

While solving a problem with ARI-LAB, it is possible at any moment to
access the Communication tool, which allows the user to establish a
connection with another user and share messages by means of a local
network. The other user may either be a classmate or the teacher. If the two
interlocutors are solving the same problem, it is also possible for either of
them to send the other their solution (all the work performed till that moment
in the solution sheet) and the related monitoring. In this way the receiver not
only sees his/her classmate’s solution to the problem, but also how that
solution was reached.

It is worth noting that a solution (or solutions) received by a pupil from
classmates cannot be copied into the pupil’s solution sheet. Access is granted
for the sake of analysis but, in order to use the received solutions in his/her
solution sheet, the pupil has to reconstruct them through interaction with the
microworlds.

3.6 Teacher’s environment

The teacher is granted access to an environment which allows him/her to
configure the system according to the specific needs of the students
involved, e.g. to define and impart to the students a set of arithmetic
problems to solve, to choose which microworlds should be accessible to the
students, to make available or inhibit the validation functions (e.g. voice
synthesiser or films in sign language). Hence, the system interface can be
changed in accordance with the teacher's options.

Figure 1 shows the solution sheet produced by a user tackling the
problem whose text is reported in the upper right-hand side of the figure. On
the left-hand side there are the buttons which allow access to the
microworlds and to the communication tool. For each problem, it is possible
to access the entire dialogue conducted by the user with other students while
solving the same problem ("messaggi ricevuti" button). Moreover, at any
moment of the activity it is possible to select the monitoring function
("monitor") in order to see the whole sequence of actions the user has
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performed while solving that problem. It is also possible to access the
solutions to the same problem received from other users ("soluzioni
ricevute") and the related monitoring ("monitor ricevuti"). In this way, the
whole individual and social activity conducted in ARI-LAB to solve a
problem is incorporated and stored in the system.

3.7 Issues arising in the design and use of ARI-LAB

In the design of the system we start from the pedagogic consideration that
primary school pupils (and often secondary school students) usually have a
serious difficulty tackling arithmetic problem solving and teachers have
trouble assisting them adequately. The school tradition relies on the early
introduction of arithmetic symbols and written computation algorithms as
the only way to describe the solution process and to obtain the result. This
approach seldom works well, as is witnessed by the fact that too many
students, when solving a problem, try to "guess" what operation is necessary:
they are not able to give meaning to the arithmetical signs in relation with
the situation described in the problem. The introduction of arithmetical
symbols and written computation can be introduced fruitfully when children
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have already experienced the potentialities of a numbering system, and are
able to enact informal strategies within concrete problem situations.
Representation systems such as coins or calendar can act as mediators
between the situation described in the problem and the mathematical ideas,
relations and processes involved in the solution. In this way the
mathematical ideas involved in problems of additive and multiplicative
structure are made more accessible to pupils, by means of perceptive-type
control, grounded in the children's extra-school experience.

The pedagogical objective for which the microworlds have been
implemented is to offer students a space in which they can explore and
manipulate graphical and computational objects designed to mediate the
development of solution processes and thus the construction of meanings for
arithmetic operations. The system supports the validation of specific actions
or processes (e.g. counting, changing coins or balls in the abacus, etc.)
offering a perceptive feedback (e.g. voice synthesis). The feedback obtained
allows the user to progressively acquire competencies on specific aspects of
the knowledge involved in the interaction with the microworlds and can
support the development of didactical activities aimed to foster the
acquisition of crucial capabilities such as, for example, the co-ordination of
verbal, graphical and written representations of numbers.

Moreover tools are offered to support the re-elaboration of personal
experience and its sharing within the class. The monitoring tool and the
solution sheet support the user in expressing the resolution process as a
product to be communicated to others. Moreover, monitoring, which is the
possibility to view, in a sort of movie form, all the actions performed while
solving a problem, can support the transformation of the solution procedure
into an object which can be used as a basis for discussion in the social
context of the class. This discussion may have different aims, such as the
comparison of strategies, the analysis of the mathematical properties (and of
their relationships) involved in the solution strategies undertaken, etc.

In designing ARI-LAB, an alternative architecture to the usual one
present in traditional educational systems (student-computer) has been
adopted. For this reason, a communication tool has been integrated into ARI-
LAB so that users can engage in problem-solving within a social interaction
process. The communication tool can change the form and status of an
arithmetic problem, students’ assumptions on how to solve it and the
validation context in which the resolution process is set. Moreover, it can
change the rules governing the behaviour of the participants in the activity,
and the different roles the participants may take. One condition for this is
that communication becomes an integral part of the problem solving activity
and that students develop a synergy between communication and the other
activities performed (building a representation, explaining a solution,
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examining a monitoring, analysing a received solution, etc.). The system
supports this synergy by offering in a unique interface layout the different
tools it is composed of so that the user can easily switch from one to the
other at any time.

The ARI-LAB system has been experimented with widely and in depth in
various school situations with children who are both normal and disabled
(deaf). In particular, with one class, experiment was carried out for almost
the whole cycle of primary school (from the second to the fifth class),
integrating its use in the teaching of most of the mathematics programme. In
all experiments carried out, the teachers of the classes involved were always
present and participated actively both in setting up the teaching itineraries
and in following the students’ work on the computer. The research has had a
very positive outcome in a sector which has always proved difficult for
students and in which traditionally teachers find major problems about the
approach to follow (see Bottino and Chiappini [25], and Bottino and
Chiappini [26]).

4. CONCLUDING REMARKS

The ARI-LAB system is an example of a new generation of multimedia
learning systems for school education. This new generation of systems is
characterised by a strict integration of visualisation, communication and re-
elaboration tools aimed to support both the creative exploration of problems
and the representation and justification of knowledge. In ARI-LAB the
multimedia paradigm assumes a new meaning: there is not only
communication of knowledge but tools are provided to construct it by means
of different ways of interaction. The user becomes an active subject not only
when navigating through the system, but also when building new
knowledge.

The new model of systems that ARI-LAB contributes to define is
characterised by the possibility to be integrated in the school curricula in
order to be used to develop not only single and specific abilities but concepts
and understandings which requires a long period of time to be developed and
learned (as it is the case of arithmetic problem solving). This can be done
according with consistent pedagogical models.

Moreover, the integration in a unique environment of tools to support
children with special needs (such as deaf children) introduces a new way of
looking to special education (integrated in the activities of the entire
classroom and not a-part from it).

The discussion carried out in this paper is grounded on the assumption
that learning processes cannot be fully understood if only the individual
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learner is considered without taking into account the whole teaching and
learning situation, that is to say, the relationships that are established
between the actors involved (the student, the teacher, the other students) and
the role played by mediating tools.

According to this view, the analysis of the way in which a ICT-based tool
can affect learning is to be performed not only analysing its specific inner
characteristics and how they affect the interaction with the individual user
but also all the activity that is developed through its mediation in the context
of use. From one hand, the didactical functions supported by the tool
influence the way in which the teaching and learning activity can be carried
out, but, on the other hand, these functions cannot be fully exploited if the
whole learning environment is not considered.
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1. INTRODUCTION

The emergence of on-line learning communities is supported by the
growing culture of participation in the learning activities through the
interactional process. Starting from this point, a learning community
develops itself in a classroom or on the Web, when all the members of the
group, including the teacher or the tutor, are deeply involved in the process
of knowledge building, first as mutual engagement in the community
formation and then on the development of their learning activities.

Learning communities work as cooperative and distributed systems, that
raise from interaction and its effects through the communication among their
members.

The engagement of members in a common learning goal, and the specific
dimensions of communication in the process of knowledge building,
concerning adjustment and the adaptation of individual representations
among the members, are some of the aspects that sustain the organisational
and learning activities in the community creation. This also draws the
development of a culture of sharing and collaborative activities, which
defines on-line learning communities. According to Rogers [1], the main
characteristic of the responsibility of the shared learning, promotes the
knowledge distribution among the members of the group, and the use of
individual knowledge and competencies in the growth and definition of the
learning paths of the community itself.
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1.1 Learning communities

Grounding the educational and organisational model on the social
constructivism and on the situated learning approaches, the new on-line
communities intend to constitute themselves as experience centres, in which
learning is not separated from action and where the learning process is more
aimed at the community than at the individual. In this sense, Wilson &
Ryder [2] refer that the learning communities are alternative metaphors to
the traditional education systems. Thus, we consider that learning
communities on the Web are alternative educational approaches to the
traditional teaching systems, in which the perspectives of development of
methods and universal strategies oriented to an effective, sequential and
centralised teaching cannot capture the nature of the model of activity in the
constructivism approaches.

The organisational model of the community and its functioning promotes
the transfer of orientation, control methods and strategies of the learning
development for its members, transforming it into a suitable complex system
whose first manifestation takes place through multidimensional exploration
of meaning construction and in the individual and collaborative adjustments
towards a dynamic development of cognitive restructuring.

According to Wilson and Ryder, [2] this development process is oriented
to real and authentic learning situations and includes: the self-organisation in
functional communities with a common aim of learning support; the
distribution of the orientation functions and of the control of the community
activity by the members; and the emergence through the interactions among
the group of the roles and member-specific functions.

The nature of the networked interactions on the Web constitutes a
favourable environment for the development of learning communities, as the
networked principle not only efficiently supports the plan of the interaction
dynamics among its members, without limits of time or distance, but it
facilitates the development of communicative processes with a collaborative
nature in the course of the activities and experiences in knowledge building
as well.

2. INTERACTION IN LEARNING COMMUNITIES

The absence of centralised control and the mutual influence among the
community members follow a model of non-linear interaction, as a network
of multiple representations and interpretations that substitutes itself to the
logic of the singular and sequential representations in the traditional
centralised educational environment.
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This framing proposes a reading of the emergent complexity of the non-
linear processes in communication and formation systems of the knowledge
representations in learning communities, in particular in the absence of a
centralised control and in the high interaction and mutual influence among
the community members. It is through the interaction that we can observe an
appreciation of the collaborative performance in the emergent modes of
representation in the learning communities.

The educational development approach through the complexity theories,
namely in the organisational activities of learning communities, tries to
capture the complexity of the phenomena and non-linear processes in the
mental activity, proposing a new platform for the conceptualisation and
modelling the interactive learning and communication environments. This
framing, as Tennyson & Nielsen [3] refer, is based on the conception that
non-linearity constitutes a characteristic of the thinking and learning
process.

The new education environments should allow the students to question
their ideas and beliefs, stimulating in this way the development of an
interactive and provocative process in the personal knowledge construction
[4]. The result of this learning process shows that knowledge construction
extends to a variety of sources, from the plan of the collaborative interaction
among the community members, to the interaction plan between the student
and the knowledge media, through the multidimensional exploration of
knowledge representation.

According to what has been written, the communication interaction is
developed beyond the sharing of knowledge representations, characteristic of
the transmission model, to transform itself in a constructive process of
meaning making, supporting the efforts and the involvement needs towards a
social participation of the members of the learning community [5].

3. KNOWLEDGE MEDIA

The knowledge media, according to Eisenstadt [6], establish a new
development model in the relationships between people and knowledge,
because they are dynamic and they promote, through this characteristic, the
possibility of a deep interaction with knowledge representations. The
combination of computer science and telecommunications makes clear that
knowledge media are more than means of contents presentation,
transforming them in a fundamental condition for the learning communities
formation [7].

The dynamics of the learning media is an emergent characteristic of the
interaction facilities with the networked representations, whose process
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transcends the regulating logic of the information delivery of traditional
media. We can observe this in the processes of transmission in the traditional
paradigm of educational communication.

The knowledge media favours the individual's participation in the sharing
of assumptions, beliefs, perceptions and complex representations. In this
way, they describe the communication aim, the collaborative knowledge
construction that develops when people communicate with each other,
through and with the media. In other words, this is a means of transforming
information into knowledge through the collaborative sharing of the
individual representations and multiple perspectives.

The dynamic perspective of knowledge development in the individual is
clearly underlined by the cognitive sciences, which describe it as a complex
interactive network of information and competencies, which is developed in
the knowledge media through the mutual implication between the media and
the learning constructive process, acting like this as an expansion of the
student’s cognition and interaction networks.

The current cognition approaches are based on dynamic and adaptive
phenomena. This approach includes the self-regulation capacity or learning
monitoring, the development of the representations restructuring and
perspective learning as a constructive process. From this point of view, we
must acknowledge the fact that the cognitive system components (or the
subsystems) support multiple processes of flexibility and adaptation, which
find a favourable atmosphere to its development in an approach based on the
network of the interactive media.

The knowledge media are the means to the development of flexible and
adaptive representation models, whose importance is fundamental to the
understanding of the functioning of learning communities on the Web.

4. FLEXIBILITY AND HYPERTEXT
REPRESENTATION

The concept of flexibility starts from the non-linear or non-sequential
organisation of information proposed to the hypertext systems, by Ted
Nelson in the sixties. Based on this emergent theory whose application fields
include a growing variety of domains, from communication to learning on
the Web, also including the Web architecture, the representation is not a
rigid structure, but, on the contrary, a dynamic body of information which
shows itself under multiple shapes and suggests, at the same time, multiple
exploration paths.

From this point of view, a piece of information is in the origin of a
variety of texts, multiple narratives and interpretations, all of them coming
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from the network which supports the model of information representation
and the new place of the reader (user). These (readers as users) move from
the traditional perspective in order to be encouraged to intervene in the
interacting representation model. In other words, when exploring the
network, the hypertext user will be building their own hypertext, according
to their previous knowledge, needs and aims.

The hypertext representation is deeply plastic, because the reader
develops their own construction through the multiple courses explored by
them having larger responsibility in this process. This derives from the
exercise of adequate paths selection towards the construction of their own
understanding model. This growing autonomy has implications in the
students' learning activity and style. While for the traditional media it is
expected that the author establishes a coherent and sequential organisation of
the ideas and contents presentation that the readers should follow, in the
hypertext we find a network of ideas and contents with multiple presentation
paths, as well as multiple representation dimensions for the relationships
among the ideas. According to this, the hypertext flexibility is the means for
the flexibility of learning in the meaning making, as the hypertext network
supports the dynamic process of the relationships formation.

According to Borsook [8], the traditional media discourage this activity,
particularly at the exploratory level of the representational dimensions,
leading the subject's intervention towards a role of passive acquisition of
externally organised models and frequent simplification of the relationships
complexity among the information nodes. In the sequence of this
perspective, the tendency for simplification which stands out in the
development of the learning facts and not in the formation of the
relationships among these, remove the student’s capacity of focusing their
attention on the relevance of the relationships among the ideas. Supporting
this type of activity, the hypertext not only presents the information, as the
traditional media usually do, as the book, but it also represents it, since it
becomes the medium for the development of the relationships network.

The hypertext network acts itself as a semantic network of knowledge
representation formed by nodes and links, to which respectively correspond
the concepts and the relationships among these. To the hypertext
representation, the nodes include from small units to blocks of textual or
graphic information and a connection structure that is processed through the
entities close to the semantic network links.

The inter-connection among the information units performed by the
student, implies that the representation built by them will be an emergence of
the complexity of the relationships in the hypertext network, transforming
the learning process, according to Jonassen [9], in a true expansion of the
student's semantic network. The hypertext representation is, though, an
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expression of the dynamic pattern of the relationships established among the
multidimensional nodes, and so a way of understanding complexity. In this
sense, Landow [10] refers that the traditional texts are like limited languages,
in which all the parts are known, but not the potential of their combinations,
whose complexity is experienced by the reader in the hypertext network.

The authoring perspective in hypertext is based on the relationships
construction activity. On the other hand, this dimension characterises the
development model of the educational hypertext environments as it acts as
the main tool for the construction of the individual and collaborative
representations in the learning process and knowledge understanding, only
possible through the profound interaction with the hypertext network. The
interaction among the hypertext representation system and the student is a
process of continuous participation and experimentation in knowledge
building, transferring the learning control to the student, through the
sustained exploration of knowledge understanding and of its development
context.

Flexibility, the multidimensional representation and the learning
contextualisation characterise the development dimensions of the hypertext
environments that support virtual learning communities, namely in the
implication of the experience and of the previous knowledge in the learning
transformation process in an expansion of the student's representation
models, and in the sharing of these models with the members that participate
in the learning contexts. In this perspective, the hypertext environment
constitutes an individual and collaborative learning experience zone.

5. SITUATED LEARNING AND HYPERTEXT
ENVIRONMENTS

One of the most significant changes in the current learning theories
proposes that knowledge should be observed not as an abstract and out of
context representation, but as a constructive process that emerges from
specific situations and contexts [11, 12, 13].

According to Clancey [12], the situated cognition theory is based on the
fact that all the thoughts and human actions are adapted to the environment,
being located. This way, what people understand, the way they conceive
their activities, and what they do in physical terms, is developed in a
conjunct construction.

In this sense, Wilson and Myers [14] refer that knowledge, learning and
cognition are social constructions, expressed in actions of people who
interact in the midst of the communities.
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The participation is the main element for cognition and for the situated
learning, because it requires the development of the negotiation in the
process of meaning construction in the different situations and contexts in
which it happens [13]. This process, according to these authors, implies that
understanding and experience are in continual interaction, and that the
participation notion decreases the distance among contemplation and
involvement, abstraction and practice, being, this way, actions, people and
the world implied in the thought, in the discourse, in knowledge and in
learning, thus accomplishing an immersion process in the contexts of
knowledge construction.

The environments that result from this new conception are defined by the
learning contextualisation, by the individual decision on the materials to
work with, by the identification of the aims to reach and by the community's
involvement in the definition of a strategy for the construction and
experiencing of the situations and contexts of knowledge production. This
approach stands back from the learning conception based on the systematic
knowledge acquisition and retention, and competencies externally defined
that limit learning to the activity of internal information processing
accomplished by the individual [15, 16].

The learning perspective based on the information processing metaphor
focuses on the knowledge structure and on the structure of cognitive
processes, to receive the information and to proceed to its integration in the
existing structures, modifying them in order to accommodate the new
information. However, and according to this view, the learning thus
accomplished frequently results in knowledge isolated from the remaining
representations in the mind. This type of knowledge is often referred as inert
knowledge, generally not used out of the initial acquisition context [17, 18,
1]. In this sense, the symbolic cognition approach or information processing
focus on the individual information processing activity, separated from
culture and from the real learning contexts, treating information as a neutral
construct.

However, it is through the development of the participation and
collaborative exploration activities of real and authentic environments that
the real life learning processes emerge [1].

The environments based on the theories and technologies of the hypertext
and hypermedia representation flexibility constitute a support for the
learning contextualisation. The exploration activity sustains the learning
accomplishment through the relationship established by the individual and
the community members with the different aspects of the social or physical
situation, promoting the understanding of the multidimensionality of the
representation and of the social factors involved. More than an integration of
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the individual in the environment, hypertext draws a deep interaction
between the individual and the environment.

The development of strategies directed to the collaborative participation
and exploration in significant contexts and authentic learning environments
are the challenges of this approach.

In the hypertext network representation, the flexibility is the means for
the conception of environments. Through these, it is possible to create and to
simulate significant learning contexts, according to the principles of the
situated learning, favouring the exploration of the several knowledge
dimensions, promoting the observation of alternative points of view through
the multidimensional exploration of the knowledge representations,
confronting the knowledge building with authentic situations, and
understanding the problems that the experts find in several areas and the
knowledge that these experts use for solving them. In this sense, the
hypertext environments are supports for the promotion of the development
of cognitive flexibility in the acquisition, organisation and knowledge
transfer to new situations and contexts.

The development of competencies of flexibility in the learning process
and the creation of knowledge representation models that support cognitive
flexibility require flexible learning environments that allow the presentation
and the learning of the knowledge items in a non-linear, relational and
multidimensional process, favouring the exploration activity, cognitive
restructuring and knowledge transfer [ 19, 20, 21, 22].

The development of the understanding of knowledge representations
results from the exploration of the multidimensionality of the information
network, through the continuous exploration and construction of the
meaning dimensions which took place in the collaborative environments on
the Web.

6. COLLABORATIVE LEARNING ON THE WEB

The Web is the virtual place for the development of hypertext-based
learning communities through which the interactions with the knowledge
distributed in the network take place. Web based learning is deeply
influenced by the virtual nature of the social interactions, and also by such
factors as technology and the instructional practices of these learning
communities.

The learning community on the Web implies the formation of a flexible
and distributed knowledge representation environment, in which the
hypertext approach and hypermedia technologies not only are one of the
means for the information organisation and for the representations in the
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network, but also the means of development of extremely powerful
collaborative environments for the accomplishment of the learning and for
the active knowledge construction. The basic assumption of on-line
collaborative learning is to build a learner-centred learning community, that
treats the learner as an active participant [23].

From this point of view, the Web is a means to assist the learning
process. In this process the students navigate in the multidimensionality of
the flexible and distributed representations, establish relationships among the
contents and the community members, through which they participate in a
collaborative learning process. The hypertext nature of these environments
promotes a wider control of the student on the learning experiences, and also
points out the importance of the critical role of the individual aims in the
quality and nature definition of the accomplished learning experiences [24].
This process promotes the reflection on the new knowledge under the form
of the continuous negotiation of the individual representations, that
displaces now to the sharing of thought patterns in the learning communities.

The sharing of ideas that emerges from this new dynamics of the
networked communication, constitutes the central practice and the defining
line of these new virtual learning, communities [7]. The challenges of this
new approach are reflected necessarily in the nature and development of the
virtual learning community activities, both in the plan of its definition as a
group, and in the development of the relationship with the knowledge.

The notion of virtuality is fundamental for the understanding of the
organising link in the new learning communities. The absence of the
traditional notion of the community sense linked to the physical place is in
this case replaced by the sharing in the knowledge construction and renewal
among the community members, accomplished through the interactions in
the network, not taking into account the physical dimension of the territory
and the place as defining traits of the group identity. In this sense, Lévy [25]
refers that this is a community that builds the social bond through the
relationship with knowledge.

An effect of the organising link in virtual communities is the
development of a culture of simulation, namely through the process of
continued renewal of the social bond with knowledge in the Web
communities and, this way, in the construction of a collective intelligence
through the collaborative practices of the distributed learning. According to
Lévy [26], the culture of simulation is a specific form of knowledge
characteristic to the cyberculture that emerges from the networked practices
of communication on the Web, drawing the contemporary process of
mutation regarding the relation with knowledge, underlining the importance
of sharing virtual worlds and complex universes of meaning.
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As a support of the virtual groups that constitute the learning
communities, the Web is also the medium for the development and
proliferation of local narratives, individual stories and communicational
fragments that interweave in an obscure network of authors and readers that
constitutes the expression of the collaborative knowledge construction in a
community of interests, aims and shared experiences.

The dynamics of the interaction processes which take place in the authors
and readers network suggests a diversity of forms through which learning
can happen in a community. Though, and according to Wilson and Ryder,
[2], the learning community activity tends to produce an interaction pattern
mutually sustained that defines the learning collaborative support in the Web
communities. The following aspects, proposed by Sherry & Wilson [5],
characterise this collaborative model: i) articulating the learning need; ii)
seeking help in a group forum; iii) engaging in a help consultation; iv)
assessing learning; v) sharing the solution with the group; vi) archiving the
interaction or restated solution for future reference; vii) repeating this
process, or any part, if  necessary to support learning.

The collaborative learning on the Web stresses the mutual engagement,
the sharing of information and multiple perspectives, and the joined
knowledge building activity in the networked communication practices
among the community members.

The creation of a favourable environment to the involvement of all the
members in the community activities implies, in the participatory processes
of search and help consultation, a form of immersion in the knowledge
representations amongst its members. Knowledge sharing through the
electronic mail, the audio and video conference, the discussion group and the
forum promote the progressive involvement of the community members in
the process of negotiation of knowledge representations, a continuous
readjustment of the models, an understanding of the knowledge complexity
and still the development of the critical thinking through the shared
experience. Besides, the networked communication on the Web transforms
itself in a expansion of the cognitive capacities of the students.

It is in this sense that McLellan [27] approaches the importance of the
cooperative and sharing processes in the networked communication and
learning, according to the collaborative model of Schrage. This model is
based on the participatory principle that exists in the construction of the
shared experience that describes a dynamic and active process, like the one
that happens in face-to-face conversation, or in the on-line conference, being
the experience the context of production and knowledge dynamic renewal. In
opposition, the sharing of an experience or event acquires a passive nature
closer to the information reception phenomena.
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The sharing principle is fundamental to the formation of the networked
interrelated ideas, strategies and theories, the ones that Romiszowski [28]
refers are essential to the process of critical analysis, knowledge assessment
and the new knowledge creative synthesis.

7. CONCLUSION

Learning in the Web learning communities is based on the networked
interaction and communication and on the collaborative processes in the
experience and knowledge building. The organisational bond of learning
communities develops itself in the relationship with the knowledge through
the collective and strongly interactive communication, among the individuals
and between these and the distributed representation systems. The
collaborative aspects are characterised by the mutual involvement in the
community activities, in the knowledge sharing among its members and in
the joint participation in the learning construction.

The community's members develop networks of flexible and
collaborative knowledge construction, based on an active learner model, led
to the promotion of the individual initiative and autonomy in the exploration
of the representational multidimensionality of the distributed knowledge. So,
it is an activity model that it is drawn from the individual to the cooperative,
through the mutual engagement of the community members in the process of
the knowledge building and the sharing of multiple perspectives of thinking.
The activity of the learning community is a support for the amplification of
individual cognitive capacities, as those of the group, in the development of
the creative processes, in the critical thinking and in the collaborative work.
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Abstract: Educational systems, as highly interactive applications, need to be assessed to
determine if they are useful and usable. Evaluating an educational system
involves testing its user interface as well as studying the underlying didactic
method, the instructional materials and the interaction mechanisms to prove if
they help users to reach their goals. With this purpose, educational developers
need to rely on a set of clear, concrete and measurable quality criteria. In this
paper, we propose a number of evaluation criteria for educational hypermedia
systems that are based on the authors' experience as developers of educational
systems, such as CESAR, Now-Graduado or CIPP. Such criteria are aimed not
only at helping educational developers to evaluate their systems but also to
provide them with some guidance to address educational requirements during
the design process.

1. INTRODUCTION

Evaluation is an essential activity in the development process of any
interactive system inasmuch as it provides valuable and reliable information
about the product utility and helps to detect deficiencies and improvements.
In fact, authors like Preece et al. [1] suggest that evaluation plays such a
central role in the development cycle that it has to be applied in all its stages
to understand and take into account the users' needs. This approach, usually
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referred to as user-centred design [2], requires involving the user in the
development process and perform empirical tests that corroborate if the
design decisions are appropriate.

Educational systems, as highly interactive applications, need to be
assessed to determine if they are usable and useful. Such evaluation is not
only concerned with assessing the quality of the user interface that can be
tested in terms of such parameters as readability, aesthetics or consistency;
the evaluation process is also oriented towards analysing if the system can be
used in an efficient way to meet the needs of its users [3], who can be
students and teachers. To perform such evaluation various methods can be
applied, including analytic, expert, empirical and experimental procedures
[4]. The decision of using either one method or another mainly depends on
such factors as the development stage reached or the available resources.
Thus, analytic methods, which make use of formal or semi-formal
descriptions of the system, are essentially applied during the analysis or
early design stages whereas experimental methods require a fully developed
prototype. In any case and before selecting a specific method, developers
have to establish a set of clear, concrete and measurable criteria to assess the
system [5].

Taking as starting point research works on hypermedia evaluation criteria
[6, 7, 8, 9, 10, 11] and our experience in the development of rather different
educational hypermedia systems, such as CESAR, Now-Graduado and CIPP,
in this paper we are studying how to extend and apply evaluation criteria to
analyse and improve the usability and usefulness of instructional systems.
The set of criteria proposed here is aimed at making up a useful framework
for evaluating and comparing educational systems and at providing some
guidance to address educational requirements during the design process.

2. RELATED WORKS

Evaluation criteria provide a useful framework to assess the quality of a
system in terms of utility, usability and maintenance [11], to compare similar
applications or to detect problems and improvements. Indeed, the
development of a set of evaluation criteria for hypermedia systems has
attracted the attention of several researchers.

Thus [6] proposed the use of two levels of criteria, global and node, that
provide authors with some feedback about the structure of their hypertext
with a view to detecting possible navigation problems. The first group
includes other two criteria, compactness and stratum, that study properties
concerning the whole hyperdocument while the second group comprises two
criteria measured at the node level: depth and imbalance. In both cases, only
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structural and mathematical properties of the hyperdocument and its
components are taken into account to try and detect errors, such as
unreachable nodes, which decrease the utility of the navigational structure.
Two structural parameters are also proposed by Hatzimanikatis et al. [8]:
readability and structure maintenance. In this case, the hyperdocument is
studied in terms of size, path complexity (i.e. number of different paths or
cycles which can be found in a hypertext graph), tree impurity (i.e. the extent
to which a graph deviates from being a tree), modularity (i.e. whether
modules are self-contained and independent), individual node complexity
(i.e. the complexity that a single node imposes on the overall hypertext
structure), coherence, complexity and simplicity of the contents. However,
and as pointed out by Yamada et al. [9], those criteria do not provide any
kind of hint about the navigation structure utility. In this line, Yamada et al.
[9] present three metrics oriented towards analysing how users feel like
when navigating through hypertext: interface shallowness, downward
compactness and navigability. Again this set of well-defined criteria is
focused on analysing structural bugs which can scale up the ‘lost in
hyperspace’ problem.

In any case, the aforementioned approaches can only be applied to
evaluate hyperdocuments in order to improve the navigation through the
hyperdocument, but apart from structure, hypermedia applications have
other dimensions that have to be tested during the development cycle,
including the contents, their presentation features or the interaction
mechanisms. Moreover, such approaches are intended for providing
hypertext authors with objective data that they have to analyse to decide if
the hyperdocument satisfies their expectations. However, hypermedia
authors also need a set of quite different parameters capable of gathering
information about the system utility from the user's point of view. In contrast
to measures like node depth or reachability, usability aspects cannot always
be formally and mathematically expressed since they do not strictly depend
on the hyperdocument elements or relationships but on the users’ opinions
about the final product. In fact, developers can follow some
recommendations to increase the quality of their applications but at the end
they have to go through an empirical evaluation to prove if the system fulfils
the users expectations and needs.

Evaluation criteria to assess the hyperdocument usability were introduced
by Garzotto et al. [7], including richness, ease, consistency, self-evidence,
predictability, readability and reuse, and they were extended by Ficarra, [10]
to offer hypermedia developers a useful framework to perform their
evaluations. As it can be seen, a mathematical rule cannot be defined to
establish how easy to use a hyperdocument is according to the number of
nodes and links it has. Such kind of criterion has to be empirically tested to
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have some evidence about its accomplishment. Moreover, apart from these
usability criteria other aspects affecting the hyperdocument acceptance can
be considered. Indeed, such factors as performance effectiveness, error
tolerance or system integrity affect the system usability [3].

Some work on criteria for hypermedia educational systems was done by
Mendes et al. [11], although the main aim of this proposal was to assess the
system in terms of the reusability of information, maintainability of the
application and the development effort. Even though these parameters make
it possible to analyse some relevant features of any kind of software
application there is not a direct relationship among them and the educational
utility of a system. In fact, a system can be completely structured, modular,
easy to maintain and have no educational value.

In any case, all these criteria made up a useful framework to evaluate and
compare systems but some developers, and particularly those who are
novices, also need concrete guidelines to improve their systems taking into
account these criteria during the development cycle. In this context, we
propose a number of evaluation criteria for educational hypermedia systems
that are based both on the works described in this section and on the authors'
experience as developers of educational systems, such as CESAR, Now-
Graduado or CIPP, all of which have rather different educational goals and
target users. Thus, while CESAR [12] is a hypermedia learning environment
based on electronic stories that is aimed at helping hearing-impaired children
learn the signed and written languages, Now-Graduado [13] covers the most
difficult subjects at primary schools and it is intended for low-qualified
women who are not used to computers and have forsaken their study
discipline for years; and, finally, CIPP [14] is a hypermedia electronic book
that was developed to assist Computer Science students in learning the
Pascal programming language.

3. EVALUATION CRITERIA FOR EDUCATIONAL
HYPERMEDIA SYSTEMS

In this section we propose a number of evaluation criteria for educational
hypermedia systems which can help educational developers in two ways:
– evaluation criteria make up the basis to perform a formative evaluation,

which is mainly oriented towards exploring if the system is satisfactory
or needs some changes [15].

– they also provide some kind of guidance to software developers when
trying to address educational requirements (e.g. how to increase the
didactic material richness).
To evaluate an educational hypermedia system developers need a number
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of clear, concrete and measurable criteria to determine whether the system is
useful and usable at the same time. On the one hand, they have to assess the
interface quality to detect usability problems or misunderstandings that can
be solved to improve the interaction process. But the evaluation process has
also to focus on the system utility, so that it has to be analysed whether it can
be used in an efficient way to meet the needs of its users [3]. It is worth
noting that users of educational systems can be students and teachers, both of
whom pose rather different requirements [16]. While students need to
acquire a procedural knowledge and to develop practical skills interacting
with the courseware, teachers will be willing to imprint a specific didactic
method. Thus, evaluating an educational system involves assessing the user
interface usability as well as the utility of the underlying didactic method,
the instructional materials and the interaction mechanisms to prove if they
help users to reach their learning and teaching goals. In the next subsection
criteria to assess both the user interface and the educational usefulness are
described thoroughly.

3.1 Evaluating the usability of the user interface

The user interface, as the communication channel through which the user
comes into contact with the computer, has to make it possible to perform the
users’ tasks. A great bulk of recommendations has been proposed to produce
more usable user interfaces that take into account the physical and mental
capabilities and limitations of users, such as in Smith [17], but the only way
to prove that the design decisions are right is to empirically evaluate its
interface. In this subsection we describe a number of criteria to evaluate the
usability of educational hypermedia systems, including aesthetics,
consistency, self-evidence, naturalness of metaphors and predictability.

3.1.1 Aesthetics

It studies how the inclusion of multimedia information is coordinated and
used to enhance the legibility and comprehension of concepts. Aesthetics is
intended for analysing if multimedia contents are well organised in the
visualisation space and synchronised and if they are always understandable,
that is, they can be always perceived by any user. In this way, this criterion
comprises aspects such as motivation [10] or readability and it is extended
with the concept of appropriateness. Educational developers should take into
account if the presentation features of their applications not only make the
hyperdocument understandable but they are also pertinent for the users. For
instance, in  Now-Graduado  the appropriateness of the aesthetics was
considered as a crucial factor to get a positive attitude from users. Even
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though the subjects treated in this system were quite simple, since they cover
primary school concepts taught to children between 5 and 14 years old,
Now-Graduado users were adults and, hence, graphical designers had to take
special care over the design of icons, images and the rest of multimedia
contents to avoid an infantile appearance that would make users felt
undervalued.

Some aspects that have to be taken into account to analyse the system
aesthetics are:
–  The global look and feel of the application: it must be appropriate for the

target users taking into account their special characteristics (e.g. age,
social and cultural background, disabilities) and needs.

– The legibility of the contents: all the items included in each node must be
presented taking into account the capabilities and limitations of users
[18]. That affects such features as the size, style and colour of texts, the
length of text lines and the spacing, the quality of images or the pitch and
loudness of sounds.

– The rhythm of presentation of multimedia contents: contents with an
implicit duration (e.g. video or sound) must be synchronised with the
users’ pace of assimilation.

– The density of each node, that is, the quantity of items it includes:
developers must include enough information into each node without
saturating the users’ capability of assimilating information.

– The contrast of the colours used in the interface: positive contrasts (dark
foreground- light background) are more readable than negative contrasts
(light foreground - dark background) [19].

3.1.2 Consistency

It determines to which extent elements that are conceptually similar are
equally treated by the application while those that are different are
differently treated [7]. Consistent educational applications are easier to use
and remember and, therefore, users can pay more attention to reach their
learning or teaching goals than to learn how to use the system. Interface
consistency chiefly consists of using the same appearance for the links ant
the other facilities, so that the user can recognise them easily. If the
hyperdocument’s author decides to use a specific visual clue (e.g. colour,
font, style) to identify the links of a node as well as their status (e.g. visited
or not), he/she should not use this resource with other purpose such as
highlighting text since it could provoke unnecessary user errors.

Some aspects that have to be taken into account to analyse the system
consistency are:
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–   Interface areas: the node visualisation area can be organised into several
areas, each of them has to be used always for the same purpose. For
instance, areas like functions/buttons, contents and messages can be
identified in many interactive applications. If the message area is always
used to show information about the system status it should not also
provide other kinds of information such as location clues. CESAR, Now-
Graduado and CIPP were designed using interface areas so that the users
know in advance what they can expect in each area of the window and
where they have to look for each kind of information.

– Labels and messages: the communication in written or in spoken form
with the user has to be consistent so that in the same situation the same
label or message has to be used.

–   Buttons and icons: both elements are often ordered following some
criteria, whether alphabetically or trying to minimise their semantic
distance, and they are also arranged in a unique bar. The button/icon bar
size and appearance have to remain stable, so that the user always see the
same set of functions placed in the same positions. If an action is disabled
it is more consistent to show the corresponding button/icon using a visual
attribute to indicate its status than to dynamically change the bar aspect.

–  Visual clues: whenever an attribute of an object is used as a visual clue
(e.g., colour, background) it has to be applied in a consistent way in all
the nodes where the object appears. For example, underlining text in
web-based applications can be considered as a consistency error since
underlined words are supposed to be links.

3.1.3 Self-evidence

Self-evidence determines how easily users can guess the meaning and
purpose of everything they are presented [7], and it mainly analyses how
tangible the structure of the system and its functions are. For example, in an
educational system it can be evaluated if the user knows how to interact to
solve a particular exercise and he/she understands the purpose of such an
exercise. This criterion also comprises the concept of transparency of
meaning [10] which analyses how the concepts concerning a particular
content are not ambiguous.

Some resources that can be used to increase self-evidence are:
– Metaphors: interface metaphors have been used in many educational

systems to try to increase the hyperdocument tangibility. The main
principle underlying interface metaphors is to translate a user's model of
a process into the computer model which implements such process, so
that users are supposed to be familiar with each object and function.
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However, as it is discussed in next subsection, the use of metaphors has
provoked some controversy in the HCI community.

–  Self-contained nodes: that users can identify easily.
–  Expressiveness of multimedia items: designers can profit from

multimedia to make the nodes easier to recognise.
–  Coherent and useful links: an excessive number of unnecessary links

hinder the understanding of the hypertext structure.
–  Meaningful naming of functions: the actions users can perform should be

identified by means of a name that belongs to the application domain.
Moreover, the terminology used in texts as well as in the system
commands and dialogues has to be clear and unambiguous, so that the
user can understand each message and concept. For example, to start a
learning session a student can be asked to "Select a course" and "Study a
lesson" instead of "Select directory" and "Open file".

3.1.4 Naturalness of metaphors

Interface metaphors, like the desktop, electronic book, story or the
museum have been used quite often to try to approximate the user's model to
the computer model. However, some authors do not agree with the supposed
helpfulness of this resource [20, 21] which has to be adopted as far as it does
not constrain the designers or the users. If the metaphor does not gather all
the features of the domain or treat them in a different way it can constrain
and mislead users [20]. Indeed, the naturalness of metaphors [10] can be
measured in terms of the appropriateness of the use of metaphors to improve
the communication with the user. For example, one of the most relevant
conclusions of CESAR's evaluation was that the use of the book and the
story metaphors was a good choice not only for usability purposes but they
could also help to socialise children (e.g. learning to share books or
providing them with the opportunity of being told stories).

Some aspects to be considered at this point are:
– The interface has to gather all the features of the domain of application

which are required to reach the users’ goals. If such features are not
supported by the metaphor, it has to be increased.

– If the use of a metaphor to represent some features of the domain of
application decreases the system efficiency or does not contribute to
make the system more usable, then such metaphor has to be relaxed.

3.1.5 Predictability

This criterion represents to which extent users can anticipate a system
outcome [7], that is, if users know which kind of result they will get from a
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specific interaction. Predictability is different from self-evidence, since users
can identify the purpose and function of each object they are presented but
they cannot be sure about what will happen if they perform an action. For
example, users can be able to initiate a search (self-evidence) but they can
ignore if they are going to directly move onto the first node including the
search pattern or if they will be shown a list of results (predictability). The
best way to increase the system predictability is to perform a task analysis
with the users, to understand what they can expect from each interaction and
how results are supposed to be presented.

Then, predictability can be increased taking into account the following
aspects:
–  Designers have to perform a detailed task analysis before designing the

system involving the users in such study, so that they can define
predictable interaction mechanisms.

– Between two presentation choices, designers must always select the one
which is more meaningful in the domain of the application.

3.2 Evaluating the educational usefulness

Apart from the quality of the interface, educational developers have to
test if their systems make it possible to reach the learning and teaching goals
of their users. In this subsection we describe a number of criteria oriented
towards assessing the educational usefulness of educational hypermedia
systems, including richness, completeness, motivation, hypertext structure,
autonomy, competence, authoring, adaptation, flexibility, communication
support, collaboration support and accessibility.

3.2.1 Richness

This criterion expresses the volume of information included in the system
as well as the different ways offered to reach it [7]. For instance, richness is
analysed answering sentences like "how many items are used to represent a
particular concept?", "are all these items complementary?" or "which
mechanisms are provided to the user in order to find information about this
concept?". That implies that not only the contents comprised in the system
have to be assessed but also the different options provided to the user to
access them, whether using associative or structural links or navigation tools
like search engines, maps, indexes and so on. For example, CIPP contains
the set of syntactical diagrams of the programming language that can be
consulted using three techniques: contextual navigation, which is done
through the diagrams included in the theoretical explanations; structural
browsing, which is based on the selection of links associated to the structure
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of a Pascal program; and direct access using the alphabetical index of
diagrams. In this way, each student can choose the most appropriate access
method depending on his/her learning goals.

This concept of richness can be extended to take also into account the
different ways information is presented and used, a key feature in
educational software applications devoted to meet the needs of different
kinds of students. In fact, the same knowledge can be approached from quite
different ways depending on the user's background, previous knowledge and
other factors. Consequently, the richness of presentation styles of the
application can also be measured to analyse its utility. For example, in
CESAR students are told stories using different media (video/image
supporting sign language, images or text) depending on their learning
competence [22].

Moreover, the interaction richness is also a quite relevant parameter to be
considered, in particular, for the exercises proposed to the students where
they are incited to play an active role. Thus, different solving strategies can
be proposed to different students to try and benefit from the student's
learning style as in CESAR [16]. In this system, each exercise is divided in
two parts: information objects and strategy. An information object is a
composite entity that embodies different representations (called attributes) of
a concept. For example, the concept of "house" can be defined using four
attributes: the written form, the sign, an image and a definition. The strategy
defines which attributes of each object are used, how the exercise statement
is presented, how the student can interact to solve it and what to do when the
student gives an answer. For instance, an exercise using the concept of house
can consist of showing students the image of a house and ask them to select
among a number of signs which one corresponds to the image. In a different
exercise, students can be asked to write the word corresponding the sign
form of a house. As it can been seen in these examples, the same object is
used with different learning goals and, thus, exercises are adapted to the
student's needs by means of the adequate solving strategy.

To sum up, to analyse the richness of their educational hypermedia
systems developers have to take into account:
–  The number of nodes and the number of information items they include.
–  The different navigation paths and tools offered to the users.
–  The diversity of presentation and interaction styles supported.
–  The different kinds of exercises and interactive activities provided.
–  The educational objectives that can be fulfilled with the system.

3.2.2 Completeness

This criterion defines if the system has enough contents and interaction
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mechanisms to reach the educational goals of different kinds of users.
Completeness is far different from richness. While the later only relates to
the number of elements included in the system, completeness is concerned
with their appropriateness.

To be considered as complete, an educational software application should
provide tools for students and teachers, both of which have quite different
objectives when using the system. For example, educational systems have to
support different kinds of learning activities including tasks such as reading,
creative writing, problems resolution and self-evaluation. It is important to
design the environment combining complementary activities, such as active-
passive, creative-reactive and directed-explanatory [23]. This was a basic
principle in the design of CESAR and Now-Graduado, where students are
proposed several kinds of exercises that are solved using different strategies.

Moreover, some communication support among students and teachers
can be required, particularly if the system is being implemented as a web
application where users can profit from the benefits of a distributed and
multiuser environment. For example, the first prototype of CIPP, called
Hyper-Apuntes, was designed as a web application where students could
contact teachers and had a board where they could communicate with other
students. In this line, cooperation can also be a useful didactic resource
depending on the subject to be taught and the characteristics of the users.

Some aspects to test when analysing the system completeness are:
– Learning activities: designers have to provide learning tasks to fulfil the

learning objectives of students.
– Authoring support: it has to be considered to which extent the system can

be modified by the users. On the one hand, students can enlarge the
system editing, annotating and restructuring the didactic material or
marking useful sections. On the other, teachers can require mechanisms
to update the courseware or to adapt it to their students' needs.

– Communication support: if the system will provide communication
mechanisms among users, some features that can be analysed are the
number of communication tools offered (e.g., e-mail, chats,
videoconferencing) and the level of communication provided to the users
(e.g. synchronous vs. asynchronous).

– Collaboration support: collaboration is not only about communication
and, therefore other services have to be provided including definition and
management of working groups as well as different user roles, each one
with different responsibilities and abilities to access information.
Moreover, some technical requirements have to be met such as
concurrency control, notification of events and safeguard of
confidentiality and integrity.
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3.2.3 Motivation

Another important aspect to assess in educational systems is the way in
which students are motivated not only to use the system but also to learn
more about the subject being treated. Thus, students need self-evaluation

activities reinforced with some kind of feedback that could help them to
realise their errors. For instance, Now-Graduado includes not only several
kinds of multimedia exercises but also at the end of each lesson students are
invited to perform no computer-related tasks, such as visiting a museum or
looking for a term in an encyclopaedia, that strengthen the learning process
and encourage them to continue their learning experience once they have
finished a computer session.

Adaptation can also be used as a resource to increase the student's
motivation. Adaptive mechanisms or personalisation tools can be provided
to make the system interface and function match the learning style of
students [24]. For example, CESAR teachers can personalise the solving
strategy of each exercise to each child, so that the one which better fits the
features of that students can be selected.

To sum up, some aspects to take into account to increase the system
capability to motivate students are:
–  Providing self-evaluation mechanisms.
– Carefully designing the exercises feedback.
– Trying to relate the computer-based learning with other activities of the

student's environment.
– Using adaptation of contents, interface or functions to adapt the software

tool to the learning style of students.

3.2.4 Hypertext structure

This criterion is oriented towards analysing the structural properties of
hypertext using parameters as those proposed by [6, 8, 9]. In this case,
educational developers can obtain a number of objective measures that can
help them to detect structural bugs. Parameters like the node reachability or
modularity should be fulfilled by any hyperdocument for obvious reasons
but others like the depth, imbalance, tree impurity or sequentiallity have to
be considered in a more relaxed way since there is no empirical evidence on
the need to satisfy them to produce a usable application. A sequential
navigation based on the course hierarchical structure can be useful for novel
students with no previous knowledge on the course subject as it was
demonstrated in the evaluation of CIPP [14], but some educational
developers will not agree with the idea of being compelled to generate a tree
structure which can reduce the educational value of hypertext links. In the
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same way, those who conceive the learning process as a free exploration
activity will not need to analyse whether the hypertext has a linear reading or
not, irrespective of the fact that this aspect can make the navigation through
hyperspace easier and that some studies reveal that free navigation does not
imply a good learning process [25].

In this case, some aspects which can be considered are:
The hypertext has to be fully connected so that there is a hub node from

which there is a path to reach all the nodes of the hyperdocument and vice
versa. The existence of isolated nodes, which cannot be reached selecting
links, reveals a negligent design.
– Modular hypertexts are easier to use and to maintain.
– Tree structures make navigation easier and help to make the hypertext

structure explicit.
– A high degree of imbalance suggests that some subjects are treated less

deeply than others.

3.2.5 Autonomy

Autonomy, which was defined by [10] as the degree of freedom of
navigation offered to the user, can be extended to take into account the
freedom of interaction which also includes the navigation. Concerning the
freedom of navigation, there is a lot of controversy about the autonomy that
has to be given to the students, but in general it depends on several factors
including the students background and involvement. For instance, during the
evaluation of CIPP [14], it was shown that most students made use of
sequential reading since they thought it was a more efficient way to
approach each subject for the first time than associative navigation. In any
case, in order to avoid students getting lost in hyperspace, autonomy has to
be complemented with other features (e.g. consistency, modularity,
complexity of the node contents, etc.) and interface clues have to be
provided to help students to orientate themselves.

Some aspects to consider are:
–   The system offers an appropriate level of autonomy to navigate and

interact. For example, Now-Graduado includes circular links that connect
distinct views of a same concept. When selected, circular links open the
target node disabling all its links. Users can read the node and interact
with it, but at the end they come back to the source node.

–   The system provides clues and helps to solve disorientation problems.
For example, in CESAR, evaluators considered that associative
navigation was not a problem since children could always count on a
reference: the book.
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– Different levels of autonomy are considered according to different kinds
of users. For instance, associative navigation can be complemented with
sequential access, as in CIPP.

3.2.6 Competence

Competence is related to the ability to navigate through the system and
use it to reach a particular goal [10]. This parameter has to be carefully
analysed according to the user's characteristics. For instance, an educational
software application should have different levels of use to meet different
degrees of expertise. Thus, novice users require clues and assistance
mechanisms that tend to bother expert users. In any case, interactive help
mechanisms are required, and such help has to be contextual so that users
can receive the information they exactly need at each moment.

Moreover, it can be analysed how the system adapts to the different
interaction styles or if the contents are appropriate for each type of user.

Some aspects to consider concerning competence are:
1. Different levels of expertise are supported.
2. Online contextual help is provided.
3. The system adapts to the user characteristics.

3.2.7 Flexibility

Flexibility is related to the facility to use and maintain the system.
First, the difficulties users will find to access the system have to be

analysed including technical aspects (software and hardware platform
required) as well as physical or personal features (e.g. disabilities, timing
constraints, etc.). Then educational developers have to study the resources of
their users to establish when and where the system will be used. Thus, web-
based educational tools are highly flexible since they are supposed to be
platform-independent and there are no time or distance constraints.

Secondly, maintenance has to be also taken into account and, therefore,
the system has to be structured in a modular and quite structured way so that
future improvements will be easy and cheap to afford. Moreover, the system
architecture can be defined in such a way that modules can be reused for
different applications so that the effort required to develop a new course can
be considerably reduced.

To analyse the system flexibility designers can assess:
– Limitations and needs of users against the operation requirements of the

system.
– Modularity and structure of the system architecture.
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4. CONCLUSIONS

In this paper we have described the evaluation criteria for hypermedia
educational systems which can be used to test the user interface as well as
the educational usefulness of applications as summarised in Table 1.
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Abstract: This paper presents a Web-based tool aimed to provide a collaborative
environment. Among others, its features allow any kind of data sharing on the
Web, on-line synchronous communication among learners and instructors and
the possibility to follow virtual presentations with an embedded Web-based
slide projector. We used an electronic whiteboard resembling those which can
be found in traditional classrooms to gather all this functionality:

1. INTRODUCTION

The use of multimedia material including text, audio, video and
simulations offers an attractive environment to students, especially if the
Internet is the framework used to support it. Learners are allowed to control
what multimedia elements are delivered and when they are delivered using a
structure of linked elements through which the user can navigate. This kind
of structured multimedia environments are known as hypermedia systems
and makes learners themselves the guides of their own learning (self-pace
learning). This possibility is stressed by several authors [1, 2] who state that
students can learn better and more quickly when they are stimulated by a
high level of interactivity and if they can follow a personal way to learn. In
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particular, they can customise their participation to the courseware,
establishing the amount of time to be spent on each topic and individualising
their self-paced learning [1]. Thanks to Computer Based Training (CBT) the
student is the new centre of the learning process, exploring the environment
and building knowledge and skills [2].

Furthermore, conventional distance learning has played an important role
in education because of its added value, especially for those combining
learning and work. In conventional distance education systems, trainees are
allowed to study anywhere, at any time and at their own pace since there are
no timetables or schedules to follow. This seems to us, at first sight, an
important feature for life long learning: the learner is released from tight
rules which may help young students but not workers or other non-full-time
students. Thus, important economical advantages are achieved, both for
trainees and instructors and for the academic institutions that are responsible
for carrying out the learning process. Since there is no need for travelling,
trainees and tutors do not have to waste their time and money. Traditionally,
conventional mail was used to deliver whatever printed material was needed
by distance students. Fortunately, new technologies allow us to use the full
capabilities of CBT in distance learning. Multimedia and Hypermedia
material can be delivered to students by CD-ROM as personal computers
have been brought into general use. Therefore, we are able to combine the
advantages of both CBT and distance education systems.

On the other side, the universality of the World Wide Web [3,4] makes it
a practical and suitable platform for delivering courses and other educational
material. Web-based education offers remote access from everywhere and at
any time. Because every lecturer can place educational material on the
WWW, every student or trainee in the world, not only those close to that
lecturer, is able to access that information. As a consequence, anybody with
an Internet connection can take advantage of the knowledge of the best
experts in every subject.

The WWW is, as we said before, an interesting virtual room where the
learning process could be enhanced. Nevertheless, at the same time, it is a
huge forest where those who are not used to Web-based learning could get
lost. To avoid this, it is essential to provide learners with suitable tools to
resemble what they can find in conventional education. According to
Johnson [5] there are three different ways to carry out the learning process:
– Individualistic Learning.
– Competitive Learning.
– Cooperative Learning.

 Conventional education copes with all of them. Teachers are able to
choose the way they consider the best. Web-based distance learning systems
can provide the first but also the other two ways. Networked systems provide
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communication channels among the different agents involved in the learning
process. Over them, we should develop the appropriate tools to turn the Web
into a real virtual classroom and actually benefit from their inherent
potentiality.

The rest of this paper is organised as follows: the next section presents a
tool for web-based collaborative learning. Section 3 shows its functionality
as a standalone drawing tool. Then, in section 4, we present its use as a
virtual slide projector over the Internet. Finally, some conclusions are
presented.

2. A TOOL FOR WEB-BASED COLLABORATIVE
LEARNING

We designed and developed a Web-based tool to provide distance
learners on the Web with the needed collaborative atmosphere. A set of
cooperative features have been embedded in a virtual electronic whiteboard
whose functionality is presented thorough this section. This tool can be used
as a helper application or it can be included in existing ODL systems with a
slight effort.

The tool we present (see figure 1) replaces a conventional whiteboard in
a Web-based educational environment. Our electronic whiteboard provides
learners and instructors with a board where they can introduce multimedia
information, from text and images to video. Whatever data any of the
participants introduce would be synchronously presented to the others, in
this way they share the same board. In order to identify the source for any
data introduced in the board, every user is assigned a different colour when
they enter the current whiteboard session. Thus, we are providing our
trainees and instructors with a virtual shared space where they can share any
graphical information as they were used to doing on traditional classroom
whiteboards.

Because of the limited size of computer screens our whiteboard allows us
to manage different panels or boards in the same session. A privileged user
will be responsible for moving forward and backwards through the different
documents or panels. The tool will assure that the same document is shown
to every user involved in the active whiteboard session.

Learners and instructors could be invited to participate in any of the
current active whiteboard sessions. At the same time, they could request by
themselves to be accepted in a session whose topic (publicly available to
every user) is interesting for them. When a new user is introduced in a given
session, the document would be sent to the whiteboard to update its contents.
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There exists a basic messaging system that can be configured to be used
as a mail system or like a news bulletin system. The main aim of this
messaging facility is to allow off-line information exchange and to provide a
rendezvous system.

The needed software to support the whole cooperative functionality of
our tool can be delivered to the users’ computers in the form of a Java [6]
applet or application. Thanks to the use of Java computing it is possible to
use our whiteboard on any computer regardless their architecture or
operating system with no software set up. Therefore, whoever may want to
use our software does not need to worry about configuration or compatibility
issues. Even those who are not familiar with computers will be able to use
the whiteboard.

Figure 1 shows the whiteboard user interface. In this example there are
several people involved in the whiteboard session. They can communicate
each other using graphical elements and text as if they where in a traditional
classroom.

The student who begins a whiteboard session or the first teacher involved
will act as its chairperson. The chairperson is responsible for the following
duties:
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–   Inviting others to join the current collaborative session. The chairperson
  is responsible for the users management. He/she will receive requests
  from users to be included in his/her chaired session and he/she is also
  able to remove participants from it.

– Users’     permissions     management.     Every    user    involved    in    a
  communication session could be allowed to introduce data and delete
  their own data, introduce data and delete data (including data introduced
  by others) or just to act as a listener. Users may request for a higher
  permission level to the chairperson who is in charge of the permissions
  management.

–   Appointing the document manager. As we said before, it is possible to
  show different boards to the users involved in a given whiteboard
  session. The person responsible for deciding which document is shown
  at every moment is appointed by the chairperson. Any participant is
  allowed to apply for the document manager post.

–  Assigning colours to participants. Whenever a new user gets involved in
  the whiteboard session, he or she will be assigned a different colour
  which will identify him or her in the current session. This colour can be
  changed by the chairperson and any participant is allowed to request the
  chairperson to change their assigned colour.
The chairperson or any participant appointed by him could act as the

document manager. A document is just another panel or board shown on our
whiteboard. In the same whiteboard session, there may exist a set of
documents linked to it as a logical sequence although only one of them is
shown at a given time. The document manager is responsible for:
– Including a new white document in the current whiteboard session.

  Every document is assigned a number which is used to create a logical
  sequence of panels, from the first one (number one) to the document
  inserted in the last position (number n). New documents may be added at
  the end of the sequence or between any two pre-existing panels (e.g. a
  document inserted between panels 2 and 3 becomes panel number 3,
  former panel number 3 changes to number 4 and so forth).

– Selecting the document to be shown to participants. The document
  manager is allowed to “move participants” to the next document, to the
  previous document or directly to the first or last document in the logical
  sequence.
  Participants are those learners and instructors involved in a whiteboard

collaboration session. Once a user is enrolled in a particular session, he or
she will be allowed to introduce and delete (their own) data. This default
access privileges can be changed by the chairperson.
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Every participant is identified by a different colour which is shown in the
participants’ panel, where every user’s privileges are also shown. Requests
from users to change their current role in the whiteboard session (change
their access privileges or apply for the document manager post) would be
sent to the chairperson for approval. Of course, both the chairperson and the
document manager are allowed to introduce and delete information as any
other participant.

3. A STANDALONE DRAWING TOOL

The presented whiteboard gathers a collaborative educational
environment to exchange information with advanced drawing tools. Apart
from lines, arrows, and basic geometrical figures, there exists a predefined
set of complex figures to be used by participants; among others these
include flowchart-like figures and some predefined symbols. Every element
introduced in the board is treated as an individual object which may be
rotated, moved, resized, re-coloured, filled with a different colour, etc. In
addition, those users with the right access privileges can group objects in
order to be considered as a set for future operations. The purpose of these
functions and elements is to provide an easy way to introduce information in
the whiteboard. Regarding the introduction of text, this can be included in
the main panel, like any other multimedia component, or it can be inserted in
a separate frame dedicated to serve as a chat window. For the text included
in the main frame the user has several options he or she may configure.
Participants can also introduce images in different formats which would be
embedded in the current panel and any other multimedia type whose content
could be managed by the Web browser. In short, most outstanding features
of powerful graphical applications were taken to a collaborative environment
oriented towards Web-based learning.

The whiteboard can also be used as a standalone drawing tool (see figure
2). Design and development of whiteboard documents can be prepared off-
line and, afterwards, be included as part of any whiteboard session.
Individual multimedia elements, graphical objects, particular documents or a
set of related documents can be stored at the learners’ or the instructors’
personal computers or at their personal accounts at server side. Thus,
students and teachers are allowed to concentrate on the learning material at
on-line time instead of wasting a high percentage of time in the development
of the data to show to others.
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4. USING THE WHITEBOARD AS A VIRTUAL
SLIDE PROJECTOR

In the previous subsection we outlined the possibility to use our
collaborative tool as a standalone application to develop information to be
presented to others and which, hopefully, will be eventually transformed into
knowledge. On the other hand, there exists the document manager role
which is in charge of moving forwards and backwards the contents of the
whiteboard through a set of related documents organised as a logical
sequence. These two features can be combined to obtain a particularly
interesting functionality for our collaborative tool: it can be easily used as a
virtual slide projector where all the participants in a given whiteboard
session will act as the audience and the document manager as the speaker.
To improve the virtual projector capabilities of our educational tool we also
allowed the embedding of HTML documents inside the board to ease the
presentation development process and include any preexisting Web
document in a given presentation.

Virtual speakers, usually instructors but not restricted to learners, should
prepare their presentations using the whiteboard as a standalone application,
organise their presentation into slides (whiteboard documents) and develop a
logical sequence of documents which will constitute their eventual
presentation. The developed presentation could be stored at their personal
computer or at server side. Then, the speaker only needs to start or be
included in a whiteboard session and become its document manager,
introduce the developed documents in the current session and we are done!
As the document manager, he/she would be allowed to move forward to the
next document (slide) in the whiteboard (presentation) introducing additional
information, if needed, in the chat area. At any point, usually when the
presentation has finished, the chairperson, who may be the user
himself/herself, can give the needed permission (allow speaking) to those
participants who requested it (raised their hands to ask questions) and even
make comments and suggestions over the speaker’s presentation.

The implications of the presented functionality are obvious to those who
try to make the WWW a suitable environment for teaching. We are
providing them with a set of collaborative features embedded in an
integrated environment where no assumptions about the particular learning
contents or ODL platform were made.
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5. CONCLUSIONS

WWW-based courseware may become a horrible headache for learners.
Distance learning should not mean for students feeling alone, and this seems
a real danger in Web-based training. A collaborative environment is
absolutely essential to prevent trainees from learning alone.

In this paper we have presented a set of cooperative tools embedded in a
Web-based virtual shared whiteboard. Our tool allows multimedia data
sharing, synchronous and asynchronous communication, Web-based
brainstorming and virtual presentations on the Web. It is aimed to adapt the
idea of a classroom we may have in our mind to a Web environment and
ease the learning process. In addition, since no assumptions were made about
the learning contents or educational information system, it can be easily
embedded in many existing Web-based learning systems with no additional
software set-up by students or teachers. We do believe it complements many



Creating Collaborative Environments for Web-based Training
Scenarios

69

teleteaching environments to provide an appropriate framework for life long
learning.
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Abstract: The learning technologies standardisation process is taking the lead role in the
research efforts into computer-based education. Institutions like the IEEE, the
US Department of Defense and the European Commission have set up
committees to deliver recommendations and specifications on this area in
order to provide interoperability between different educational systems. This
paper presents an up-to-date survey on this field.

1. INTRODUCTION

The increasing use of the Internet and its technological capabilities have
allowed a high number of Internet-based distance learning platforms to come
up. As they are usually developed ad-hoc to meet the requirements of a
particular institution, heterogeneous systems appear with no interoperability
mechanism among them. As a consequence, courses developed for a
particular system cannot be reused by a different one. The students'
performance profiles as stored by a given system cannot be read or managed
by a different educational platform. Educational services provided by an
institution cannot be easily shared with other learning environments, even if
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they agreed to do so, because of the heterogeneous technologies involved
and proprietary solutions adopted.

There exist important efforts in the learning technologies standardisation
process led by several institutions and projects. Their main aim is to
contribute to commonly accepted standards to define learning data and
metadata as well as recommendations for the development of software
architectures devoted to computer-based education.

Much work has been done and is being done in the learning technologies
standardisation area. Among the main contributors to this effort let us
mention the IEEE's Learning Technologies Standardization Committee
(LTSC) [1], the IMS Global Learning Consortium [2], the Aviation Industry
CBT Committee (AICC) [3], the US Department of Defense's Advanced
Distributed Learning (ADL) initiative [4], the Alliance of Remote
Instructional Authoring and Distribution Networks for Europe (ARIADNE)
project [5], Getting Educational Systems Talking Across Leading Edge
Technologies (GESTALT) [6], the PROmoting Multimedia access to
Education and Training in EUropean Society (PROMETEUS) [7], the
European Committee for Standardization Information Society
Standardization System, Learning Technologies Workshop (CEN/ISSS/LT)
[8] and the Gateway to Educational Materials (GEM) project [9]. A list of
the acronyms used through this paper is provided in Appendix A.

The IEEE's LTSC is the institution that is currently gathering
recommendations and proposals from other learning standardisation
institutions and projects. Specifications that have been approved by the IEEE
go through a more rigorous process to become ANSI or ISO standards. In
fact, a new ISO/IEC JTC1 Standards Committee for Learning Technologies,
SC36 [10], was approved in November 1999. Below we present the main
outcomes of these standardisation efforts obtained so far. The most
outstanding results are from metadata for learning resources, definitions of
learner records and profiles, formats for course structures and packages,
formats for questions and tests and definitions of learning architectures and
run time environments. This standardisation is being developed at the time
of this writing and, therefore, this survey may encourage the reader to
contribute to this process from his/her own experience.

2. METADATA FOR LEARNING RESOURCES

The learning metadata definition area has been one of the main focuses
for the learning standardisation community during the last few years.
Metadata is just data about data, in this case, data about educational data and
resources (e.g. language used to write a specific course). The purposes of
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these definitions are, among others: to allow humans to search, evaluate,
acquire and use learning objects, to enable sharing and exchanging of
learning objects across any technology-supported learning system, to let
computer agents to automatically and dynamically compose personalised
lessons for an individual learner, to enable educational institutions to express
educational content and performance standards in a standardised format that
is independent of the content itself. In short, it aims at the standardisation of
the description of learning resources.

Important outcomes have been already delivered. One of the main
contributors to this effort is the IEEE LTSC’s [1] Learning Objects Metadata
(LOM) working group. The LOM specification [11], version 4 from
February 2000, describes learning content cataloguing information. It
specifies the syntax and semantics of learning object metadata, defined as
the attributes required to fully and adequately describe a learning object.
Relevant properties of learning objects include type of object, author, owner,
terms of distribution, format, teaching or interaction style, grade, level,
mastery level and prerequisites. The structured approach to metadata
definition implies that the actual data elements of a learning resource are
grouped into meaningful categories. The base LOM scheme consists of nine
such categories: General, Lifecycle, Meta-metadata, Technical, Educational,
Rights, Relation, Annotation and Classification.

LOM metadata is becoming a standard de-facto among the learner
community. However, this specification is the result of the effort of many
contributors. Among them, the European ARIADNE project [5] and the IMS
project [2] stand out. ARIADNE uses LOM version 3.8, to which it
contributed significantly, for indexing and exploiting its network of
interconnected knowledge pools (KPS), see figure 1. The IMS Learning
Resources Metadata Specifications [12] (August 1999) is directly based on
the IEEE's LOM with some changes based on implementation testing and
detailed document reviews by the IMS Technical Board, which will probably
be incorporated into the IEEE specifications. The IMS metadata
specification identifies a minimum set of IEEE metadata elements called the
IMS core (19 out of 86 LOM elements). The remaining IEEE metadata
elements form the IMS Standard Extension Library, SEL, (67 out of 86
LOM elements). The IMS has also completed a survey to identify
taxonomies and vocabularies, which can be used as values for the defined
metadata elements.

The DoD’s ADL [4] Sharable Courseware Object Reference Model
(SCORM) [13], January 2000, applies the IEEE/IMS definitions to the three
components of the SCORM model: raw media, content and courses. It
provides the link between general specifications and specific content model.
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Other system that has extended the LOM definition is GESTALT [6] that
delivered its own metadata specification: GEMSTONES [14]. The main
extensions of LOM include external rights management and the
improvement of the quality of service description. GEMSTONES are used
by the GESTALT brokerage service to locate learning resources. The
Gateway to Educational Materials (GEM) [15] system also provides a
brokerage service based on extensions of Dublin Core [16] metadata.

3.          LEARNER RECORDS AND PROFILES

The description of learner profiles and records has also been studied in
order to deliver recommendations on standards that allow the exchange of
student data. The IEEE LTSC’s [1] Public and Private Information (PAPI)
specification [17], version 5 from January 1999, describes portable and
implementation-independent learner records. Learner records are organised
into four major categories: personal, preference, performance and portfolio
information. They describe information about the learner, about his/her
technical, learning and physical preferences, about the learner’s history and
about his/her current works. A particular file format to store student
performance data was also defined by the AICC [3] as part of its guidelines
for interoperability [18].
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Based on PAPI, the IMS [2] Enterprise Data Model Specification [19]
(January 2000) is aimed at administrative services that need to share data
about learners, courses, performance, etc., across platforms, Operating
Systems, user interfaces and so on. This data model is supported through the
use of three data objects: person, group and group membership. The person
object contains elements describing an individual of interest to the learning
environment. The group object contains elements like a course instance,
training programs, academic programs, clubs, courses, etc. The group
membership object contains elements describing the membership of a person
or group in a group. Group members may be instructors, learners, content
developers, managers, mentors or administrators.

4. COURSE STRUCTURE FORMATS

The US Department of Defense ADL initiative [4], as part of its SCORM
model [13], has identified an XML-based representation of a course structure
format (CSF) that can be used to define all course elements, structure and
external references necessary to move a course from one system to another.
It is not course packaging, as the course structure is just one (albeit very
important) of the elements needed to move a course from a given system to
another one. CSF describes a course using three groups of information. The
first group, called globalProperties, is the data about the overall course. The
second, called block, defines the structure of the course, and the third group,
objectives, defines a separate structure for learning objectives with
references to course elements within the assignment structure. Course
sequencing is defined using prerequisites and completion requirements for
blocks, assignable units and objectives.

ADL's CSF is derived from the AICC [3] content model for course
structures, properties, and objectives. The AICC in its guidelines for
interoperability [18] (November 1999), has described a set of files for the
basic data on the structure of a course. It includes all of the assignable units
and blocks in the course. Its order in the file implies (but does not force) an
order for presentation to the student. A personalised order is allowed using a
fully specified table of prerequisites.

5. COURSE PACKAGING

The IMS [2] project is leading the standardisation process in this
particular field. The IMS Content & Packaging Specification [20] (March
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2000) makes it easier to create reusable learning resources. The key element
is the package: an abstract description of a unit of reusable content. A
package must provide all files and data needed to transfer the learning
resources it embodies from one system to another. It is also possible to
aggregate a package into a higher level one. The two components of a
package are the manifest file and the physical resources, see figure 2. The
manifest contains a metadata description of the package as a whole, one or
more ways of organisation of the content, and can include or reference sub-
manifests which describe the packages that have been included or
referenced. The physical resources are a collection of resources physically
included within a package.

6. QUESTIONS AND TESTS INTEROPERABILITY

In February 2000, the IMS project [2] has delivered the first specification
on questions and test interoperability [21]. It addresses the need to share test
items and other assessment tools across different systems, and describes the
data structures needed to provide interoperability between questions and test
systems, particularly those that are Internet-based. The key elements are
assessments (basic test units), sections (containers for sections and items
with a common testing objective) and items (the fundamental self-contained
question/response block). The specification defines a taxonomy that
describes a set of response types and different rendering forms.
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7. LEARNING ARCHITECTURES AND RUN TIME
ENVIRONMENTS

The IEEE LTSC's [1] Architecture and Reference Model working group
delivered the Learning Technology Systems Architecture (LTSA), draft 5, in
December 1999 [22]. The LTSA specification covers a wide range of
learning systems. It is pedagogically neutral, content neutral, culturally
neutral and platform neutral. Five refinement layers of architecture are
specified, from the highest to the lowest levels as: learner and environment
interactions, human-centred and pervasive features, system components
(with four processes: deliverer, learning entity, evaluation, and coach; and
two stores: learning resources and learner records), stakeholders perspectives
and priorities and API's coding and protocols. They are applicable to a broad
range of learning scenarios.

Regarding the specification of concrete run time environments, the work
by the AICC [3] and the DoD's ADL [4] stand out. The AICC guidelines for
interoperability of Computer-Managed Instruction (CMI) systems [18] and
the ADL's SCORM [12] based on the AICC specifications, deal with a
common problem: in the past, authoring systems made the customer a
captive of his/her own CMI system. In order to avoid this dependence
between CMIs and CBTs (contents), a standard approach is defined to allow
a single CMI system to initiate lessons from different CBT vendors. To
accomplish this function, CMI and CBT must communicate by means of
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standard types of data: data from CMI to CBT to start the lesson, data from a
CBT system to CMI needed to record student performance and assign the
next learning unit, and data needed for evaluation of a lesson such as item
response data, simulation performance data, etc.

Additionally, the GESTALT project [6] identifies a run time architecture
made up of components from previous ACTS projects [23]: GAIA,
Renaissance and Prospect. The system architecture comprises a learning
environment, an administration system, an asset management system, a
service for user profiles and a resource discovery service. Business objects
comprising the interfaces among the various software components within the
GESTALT architecture are identified. Middleware solutions were used for
this purpose: DCOM [24] for interfaces among systems to be run in the same
institution and CORBA [25] for those interfaces among systems from
different  institutions.

8. OTHER RECOMMENDATIONS

So far, we have presented those areas in the learning technologies
standardisation efforts which have successfully delivered standards and/or
recommendations. There exist other fields with incipient working groups or
whose outcomes have not been published yet. Let us mention the work on
unique student identifiers [1], Web-based learning [1, 3, 4], standards for
user interfaces [3, 1] and recommendations for hardware and software
platforms to support computer-based learning.

Other aspect we have to take into account is the global scope of
computer/Internet-based education. Multi-nationality and multi-culture
questions arise here. Organisations such as CEN/ISSS/LT [8] and
PROMETEUS [7] work in close cooperation to identify requirements for
standards-related activity in learning technologies bearing in mind the
heterogeneous aspects, language and culture found in the European scope.
As Europe is a multilingual environment, learner models must include the
language that the learner understands in order to deliver contents
appropriately. Other questions that appear as a consequence of the European
multinationality are the establishment of a global policy for educational
copyright and learner models. CEN/ISSS/LT has also delivered
recommendations for technical specifications. For example, the metadata
model they propose is mainly based on the IEEE LOM [11]. The strength of
LOM for European Learning communities is its flexibility for adding local
classification extensions. There already exist several European language
translations of the LOM specification.
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9. CONCLUSIONS

The heterogeneous nature of computer-based education systems led
international organisations to face the need of standardisation. Standards and
recommendations on learning technologies aim to provide a common
framework to allow reusability and interoperability between vendors and
consumers of computer-based learning material.

The International Standardization Organization (ISO) has recently set up
a committee on learning technologies standardisation [10]. This committee is
aimed at becoming the core sink for standardisation efforts currently led by
different institutions. The IEEE's LTSC [1] stands out among them. LTSC
standards are the result of the outcomes from other important efforts on
several areas as presented in this paper. Some of the LTSC’s results are
becoming standards de-facto. For example, the LOM [11] metadata
specification or LOM extensions are of common use to define properties for
learning resources. It is expected that specifications on other aspects like
learner records, run time environments or test definitions become wide
spread enough to allow full interoperability among computer-based
education environments. In the meantime, all of us are encouraged to
contribute to this specification process.
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APPENDIX A: ACRONYMS

ACTS.- Advanced Communications Technologies & Services.
ADL.- Advanced Distributed Learning. US Department of Defence initiative
AICC.- Aviation Industry CBT Committee.
ANSI.- American National Standards Institute.
ARIADNE.- Alliance of Remote Instructional Authoring and Distribution Networks for

Europe.
CBT.- Computer-Based Training.
CEN/ISSS/LT.- European Committee for Standardization (CEN), Information Society

Standardization System (ISSS), Learning Technologies Workshop (LT).
CMI.- Course Management Instruction.
CORBA.- Common Object Request Broker Architecture.
CSF.- Course Structure Format (by ADL)
DCOM.- Distributed Component Object Model (by Microsoft)
GEM.- Gateway to Educational Materials.
GEMSTONES.- Gestalt Extensions to Metadata Standards for ON-line Educational

Systems.
GESTALT.- Getting Educational Systems Talking Across Leading Edge Technologies.
IEEE.- Institute for Electrical and Electronic Engineers.
IMS.- Instructional Management Systems Global Learning Consortium
ISO.- International Standardization Organization.
LOM.- Learning Object Metadata (by IEEE’s LTSC).
LTSA.- Learning Technology Systems Architecture (by IEEE’s LTSC).
LTSC.- Learning Technology Standards Committee (IEEE organisation).
PAPI.- Public and Private Information (by IEEE’s LTSC).
PROMETEUS.- PROmoting Multimedia access to Education and Training in EUropean

Society.
SCORM.- Sharable Courseware Object Reference Model
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Abstract: The ESPUMA project is a university project directed to the improvement of
teaching in first-year subjects of programming. The ESPUMA project was
born three years ago with the main aim of improving the quality of teaching
and motivating the student to learn the foundations of programming. This
project involves both the use of the new technologies in the classroom and the
development of attractive graphical environments aimed at helping the student
to study the topics of the subjects. In this paper we present the ESPUMA
project and evaluate its three-year application by showing main results in
terms of academic results and acceptance from the student's point of view.

1. INTRODUCTION

During the last decade, Teaching has emerged as one of the most exciting
fields of research. The importance of teaching in society is well known.
Evidence of the success of the research in the teaching field can be found in
the increasing number of papers published on different subjects of teaching.
One of these subjects is Education in Computing [1,2,3,4,5], which is the
topic treated in this paper.

The School of Computer Studies (SCS) at the University of Málaga
offers two degree-programmes (i.e., SCS-Management and SCS-Systems),
each of which is a 3-year full-time course. The first academic year is very
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important to consolidate the basic concepts necessary to understand each
topic of the full programme. Foundations of Programming I and
Foundations of Programming II, denoted as FP I and FP II respectively, are
two subjects corresponding to the first academic year in each of these
degree-programmes. By the end of the year, the student is expected to be
familiarised with the main notions of structured programming, to have some
ideas on the concept of 'good style' in programming, and to understand the
notions of abstract data types. Thus, the student should be able to write and
modify small-scale programs using an imperative programming language
including management and design of libraries. At the University of Málaga,
these subjects are taught not only in the SCS but also in all remaining
Engineering studies. This highlights the importance of these subjects [6].

The correct learning of the concepts taught in FP I and FP II is essential
to correctly understand the topics taught in further academic years (see
Figure 1). The poor results obtained in these subjects in terms of the number
of students taking and passing the final exams in the past years motivated the
developing of the ESPUMA project. This project is led by a group of
lecturers that are involved in the integration of the new technologies in the
teaching field. The ESPUMA project was born three years ago with the aim
of improving the teaching quality in the subjects FP I and FP II in the SCS at
the University of Málaga. This project tries to complement the typical
lectures of a lesson with new tools (resulting from the capacities provided by
the Internet) that help the student to a better understanding of the topics of
the subject.



Foundations of Programming: a Teaching Improvement 83

In this paper we describe the ESPUMA project and show the main
results obtained after three years of application.

2. ACADEMIC FRAMEWORK AND OBJECTIVES

As mentioned above, the subjects FP I and II are very important since
they introduce the basic concepts necessary to complete the three year SCS
course. The experience shows the existence of a high rate of academic
failure for the first year students. Figure 2 shows the results corresponding to
both June examination and September examination of these subjects in the
academic years 95-96 and 96-97. Note that the rate of students passing the
exams with respect to the number of students taking them is under the 28%
and 45% in June and September examinations respectively.

Moreover, the problem of absenteeism among the students is worrying.
Generalising, about the 57% and 71% of the students enrolled at these
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subjects do not take the exam in any of these examinations (June and
September). This is a problem that must be considered seriously since,
occasionally, the number of students attending a lesson is under the half of
the enrolled students. Among others, we have detected some reasons for this:
–   The problem of overcrowding in the classroom;
–   Old-fashioned (and even obsolete) methods of teaching;
–   Old-fashioned teaching material that has failed to move in the course of

time.
Consequently, we considered that a renovation of the teaching

programme as well as the teaching methodology was necessary. Then, the
ESPUMA project was born in the academic year 1997-98 with the aims of
attracting the students to the learning of the topics explained in the subjects
FP I and FP II and of increasing the quality of teaching by:
1. increasing the active participation of the students during the lectures,
2. promoting the attendance of the students,
3. proposing complementary tasks to give the students the opportunity to

work on concrete concepts and
4. supplying to the students new software tools that help them to mature the

concepts acquired in the lectures.
It is important to mention that our project has managed to interest a lot of

teachers and lecturers of other subjects and Engineering schools.

3. DESCRIPTION OF THE PROJECT

In this section we describe the ESPUMA project by identifying our two
main proposals: (1) a new teaching methodology and (2) novelty software
tools as well as additional material of teaching.

3.1 Methodology

In the traditional lessons, the lecturer explains concepts by using just a
blackboard and/or slides to complement the explanation. These resources are
valid for a lot of theoretical subjects but are insufficient in more practical
subjects as those treated in this paper. Therefore, we propose the integration
of the new technologies with the traditional lectures of a lesson. Specifically,
we propose the use of hypermedia systems as an alternative to the current
teaching methods. Hypermedia is defined as the science of the relations to
structure, present and provide the users with direct accesses to the contents
inside a concrete domain of information by making use of video, audio and
text [7]. Hypermedia systems provide the typical elements necessary to
motivate the students because they mean:
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1. a powerful and flexible way to introduce concepts;
2. a way to construct tools with capacities to be extended;
3. a way to combine documents on different supports.

According to García Cabrera et al. [8], teaching must be open,
multifunctional, co-operative and presented on multimedia environments.
These are the main guidelines we have put into practice in the ESPUMA
project.

3.2 Software Tools and Teaching Material

We consider that students need additional motivations to understand the
concepts explained during the lessons. Thus, we have constructed, or are
being constructed, a novelty set of software tools and teaching material to
complement the explanations of the lectures.

3.2.1 Proposed Tools

We propose the following additional resources to be used in the teaching
of FP I and FP II:
a) Attractive slides (see an example in Figure 3),
b) A development environment to program in a programming pseudo-

language that helps the student to understand the global concepts of
programming without particularising on a concrete programming
language (see Figures 5 and 7).

c) An environment for executing interactive graphical animations led to a
better understanding of the concepts acquired in the lectures (see Figures
4 and 5).
As complementary information, we also provide:

a) A virtual class teacher: an e-mail address is available for all the students
enrolled in the subjects of FP I and FP II so that each student has a direct
channel to ask doubts concerning to these subjects. Each query is firstly
answered directly to the student who submitted it and later centralised
and answered globally in form of FAQs (Frequently Asked Questions) in
the web.

b) A discussion forum in form of newsgroup (relative to these subjects).
This is under construction and we hope it will be working soon.

c) Administrative information relative to the subjects FP I and FP II on the
web.
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3.2.2 Current Services

In this section, we describe the services that are currently totally
operative.
a) Slides. The main concepts and topics of the programmes of FP I and FP

II have been summarised in a set of full-coloured slides revised by the
lecturers teaching these subjects. This means that all the lecturers use the
same slides. Also most relevant exercises have been summed up in these
slides so that we get the students used to paying attention to the concepts
and not to the writing of the exercises. The slides corresponding to each
topic are available to the students at least one week in advance.

b) Virtual class teacher: the e-mail address tutor-EP@lcc.uma.es was
created to answer the queries of the students.

c) Design of Graphical Interactive Tools: we have developed a set of
graphical tools to visualise (graphically) concepts related to the subjects
(e.g., pointers). These tools are graphical environments that interact with
the student (see Figures 4 and 6). They have been developed in the Java
programming language [9] and only require a navigator program to be
used on the Internet.
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We also have the following services on trial:
a) Tool to consult the marks in the web.
b) Tool to program in a programming pseudo-language (see Picture 7).
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c) WWW address of the subjects. This address contains links to both the
service of consulting marks and the services of complementary
information.
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4. RESULTS ANALYSED

The ESPUMA project is now three academic-years old and we have
evaluated the results during this period.

4.1 Results compared

We have observed satisfactory results with respect to the number of
students passing the exams. From our point of view this is very positive
since it means that it is possible to motivate the students to improve their
academic performance. Moreover, from the statistics we deduce that the
decreasing tendency of students passing the exams is replaced for an
increasing tendency. This seems to be result of the 'renewed' motivation of
the students. Although the ESPUMA project is not totally completed since
there are a lot of services on trial, the results encouraged us to continue it.

Also, the change of programme and teaching material is interesting for
the students repeating the academic year since these attend the lessons as a
novelty with a more practical approach. Moreover, the virtual class teacher
service is a valuable help for these students since they do not have to attend
all the lessons and can select the more interesting ones by asking via e-mail
the contents of each lesson.

Figures 8 and 9 show that the rate of students passing the exams in the
last academic years has increased significantly with respect to previous
years. However, we are still worried about the high rate of students that do
not take the exams.
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4.2 Student opinion

We are also interested in the opinion of our students so that this year we
have written a questionnaire to know what they think about the current
teaching methodology. The questionnaire consisted of 20 questions about
different aspects of the subjects FP I and FPII such as the teaching ability of
the lecturer, the material used in the subjects, the programme, topics
explained, the additional material, software tools provided and other topics
related. Each question was evaluated between 1 and 5 where:

1 corresponded to "I do not like it at all. It is very bad",
2 to "there is still room for improvement",
3 to "it is good",
4 to "it is very good" and
5 to "it is great!".
The overall evaluation was about 3.6. We interpret this mark as "quite

good" and consider that the current material is appropriate for the lessons.
This is the first year that we have evaluated this questionnaire and more
years are necessary for a more complete evaluation. Anyway, the global
mark near 3.6 encourages us to follow the ESPUMA project.

5. CONCLUSIONS AND FURTHER WORK

As future work we plan to add new material to avoid the decline of the
interest of the student (mainly with respect to the students repeating the

–
–
–
–
–
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academic year). Also we are developing new software tools to help the
student to a better understanding of the concepts explained in the subjects
(i.e. new graphical simulations of theoretical explanations in the web).

We are also developing a tool to allow the student to self-evaluate. This
tool would allow the students to evaluate their knowledge by means of
theoretical queries and check their progress during the academic year.

Also to promote the interest of the students, we plan to organise seminars
in which different groups of students will be encouraged to program more
specific problems related with the subjects. Moreover, we plan to foster
forums directed to the implementation of practical programs such as games.
We think that these meetings are very attractive for the student since they
can verify that the theoretical concepts acquired can be applied in practical
problems. The aim is to make the student get a higher motivation to learn
and not only to pass the examinations.
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Abstract: Simulation is one of the most useful resources for teaching technical subjects.
There are many examples of application to different engineering fields. As
new information technologies based on the Web arise, simulation begins to be
applied in distance learning environments. However, it is difficult and
expensive to develop and evaluate didactic resources based on simulation in
these environments. This paper proposes some key ideas to solve these
problems and presents some examples related to the use of simulations to
teach certain aspects about computer systems.

1. INTRODUCTION

Simulation is one of the most useful resources for teaching technical
subjects. There are many examples of application to different engineering
fields. In most cases, simulation tries to reproduce a real or fictitious
situation that is very difficult to create or to control in a laboratory. In an
educational environment, its use can enhance:

–    The motivation to improve the student’s learning.
As new information technologies based on the Web arise, simulation

begins to be applied in distance learning environments. In this context, the
current work intends to provide a system for using simulations out of the
traditional laboratory and without the direct support of the teacher. However,
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–    The comprehension of the mechanisms that govern the simulated system.
–    The ability to transfer the knowledge associated to the simulation.



94 F. Buendía García et al.

it is difficult and expensive to develop and evaluate this kind of didactic
resources. This paper presents some key ideas to solve these problems:

To reduce the development costs of simulation environments, by using
concepts such as object programming and code re-use.
To provide mechanisms to assist the students and to assess their progress
by using simulations.
The impact of Web technologies has brought many simulation

environments to the concept of “Web based simulation". Originally, these
environments were based on CGI scripts connected to a server application
which drives the simulation. If this simulation requires a more complex user
interface, Java "applets" can be run in the browser client side. Currently,
there are multiple library examples which contain general simulation
functions based on Java such as SimJava, JavaSim, Jsim, NetSim
[http://ms.ie.org/websim/survey/survey.html], C++ [http://www.cise.ufl.edu/
~fishwick/simpack/simpack.html]),    or    specific domain [http://icosym-
nt.cvut.cz/dynast/default.htm]. Using these libraries or other “ad hoc” tools,
a  big  number  of  simulators  have  been  built,  representing  a  wide  set  of
systems [http://www.cise.ufl.edu/~fishwick/websim.html].

These simulators have two main purposes: researching and teaching. In
the teaching case, the educational role of most simulators is limited to
reproduce, more or less exactly, the target system. This fact is a consequence
of the use of simulation as a supplement of the teacher task in a traditional
classroom or laboratory. The application of this kind of didactic resources in
distance learning requires the development of new Web-based simulation
environments which will contribute to integrate the use of simulation in a
global learning process.

Two examples of such educational simulation environments are
Multiverse [http://www.multiverse.co.uk/jtap/] and CourseWare [http://
gingerbooth.com/courseware/index.html]. Both come from university groups
which used the simulation resources in teaching or research activities. The
predecessor of Multiverse was Interact [http://www-interact.eng.cam.
ac.uk/]) which was oriented to engineering topics. On the other hand,
CourseWare comes from a research group interested in simulation about
ecology subjects. A common aspect in both environments is the separation
between the development of the user interface and the simulation model
itself. The main goal is to distinguish the roles of the programmer which is
responsible for implementing the internal simulation details (simulation
model) and the instructor which has to represent the interface of the
simulation model in a right way for the student's learning.

Multiverse provides a visual tool for developing different user interfaces
to access the same simulation model. The simulation model has to be
implemented in Java language, using a predefined structure and certain

–

–
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function templates. This feature permits an easy configuration of the user
interface to access the attributes and methods of the model. In this way, a
non-programmer instructor can decide the presentation layout of the
simulation and the data formats that are visible to the students. Several
examples show the application of Multiverse tool in a Web context. They are
structured in two parts: a description of the system to be explained,
implemented as HTML text, and several user views to access the simulation
model using Java applets. This educational approach can be very useful
when it is used in an exploratory tutorial or there is an instructor who guides
the simulation teaching. However, this approach is not adequate in a
distance learning context. A first issue is the separation between the
description of the system and the simulation of such system. In fact, both
aspects are described in different pages without an explicit connection.
Another question is the lack of evaluation mechanisms to check the use of
the simulation by the student and the impact on his/her learning.

CourseWare represents a more integrated approach between the
theoretical contents and the simulation model. It proposes a methodology to
elaborate educational modules which contain certain contents using different
media: text (e.g. HTML), graphics (e.g. GIF) and other simulations alike
(Java applets). These modules are based on a configuration file in which the
contents are specified as “readers” and their presentation and user interfaces
are represented as “scenarios". This feature allows the instructor a higher
freedom to include its own contents, as well as the way to present and
connect them. Nevertheless, the role of programmer is still required when
there are complex content such as simulations or multimedia animations.

The main advantage of the previous simulation environments is the
separation between the roles of instructor and programmer to develop the
different simulation aspects. The CourseWare solution presents a higher
integration between these aspects and that is the starting point for the current
work. The goal consists of using a formal model to describe the elements of
an educational simulator and the relationships with other contents. These
contents also include evaluation mechanisms that can be connected with the
simulations.

The remainder of the paper is organised as follows: the next section
presents the design of educational simulation resources based on the use of
formal method such as a hypermedia model. The third section describes
some implementation issues and an example application. The last section
includes conclusions and further works.
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2. DESIGN OF EDUCATIONAL SIMULATION
RESOURCES.

Multiverse and Couseware are two examples of environments oriented
towards the development of Web-based simulators with an educational
purpose. However, they lack certain features to take full advantage of
simulations in distance learning situations. Distance learning requires to set
up learning sequences in which the simulation is considered as another
educational resource. Each one of these sequences can use the simulation
resources in a different way in order to provide a certain learning level. This
requirement demands the use of a formal notation to define the different
educational resources and the multiple ways to access them or to set up
relationships between them.

The set of educational resources, the paths to navigate through them and
their presentation aspects can be represented using a hypermedia model.
This model has been used to represent complex information structures with
multiple relationships. Some examples are the Amsterdam model [1] or the
Labyrinth model [2]. The Labyrinth model has been applied in distance
learning environments [3] and it is used as the reference model in the current
work. In Labyrinth, a hypermedia application is represented by means of a
Basic Hyperdocument. In addition, each user or group of users can have a
Personalised Hyperdocument in which the users can adapt or modify the
components of the Basic Hyperdocument to their own requirements (e.g. the
student's knowledge in order to get an individualised learning). The Basic
Hyperdocument is composed by the following elements:

Node as a container of information to structure the set of educational
resources.
Content that represents the piece of information associated to each
resource.
Anchor as a reference locus into a node or a content and Links to relate
anchors of different resources.
Events to specify the access to a certain resource or how this reacts and
Attributes to assign properties to the previous elements.
However, there is no mention in the model to the use of didactic

resources such as simulations. The idea is to represent the simulation
components as active contents that can be grouped into a node entity. It
requires to define a special type of content (program) and the units that
compose this content (program components). These program components
can represent a set of simulator attributes or methods. Therefore, anchors can
be assigned to these components and this feature allows links to set up
connections between some of these components. In this way, an event
triggered by a user who is browsing the description of a problem, can

–

–

–
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activate a certain simulator operation. Once the user has finished the
browsing of the problem, the simulation results can be available.

In this case, the link is not only a navigational mechanism but it also
requires a storage capability. For example, this capability can be used by the
anchor source to send input data or to receive data in the anchor target.
Figure 1 shows an example of hyperdocument in which a Simulator node is
connected to other nodes. A Problem node can describe a complex topic
which requires the access to a simulation to give an intuitive view of the
problem. The Simulator node can also be accessed from a Test node to check
some related questions or to access to a Presentation node to display the
simulation results.

An aspect which remains unchanged with respect to environments such
as Multiverse or CourseWare is the separation between the roles of instructor
and programmer in the development of didactic resources. In the current
work, a XML approach is used to allow the instructor to design the structure
of the educational modules and to build certain types of contents by
himself/herself. This approach is limited to passive contents such as texts,
graphics, or other multimedia objects and it permits to publish these contents
in different Web formats (not only HTML). Using this approach, the
instructor can define the structure of an educational module [4], based on a
set of nodes such as Problem Description, Prerequisites, Theoretical
Concepts, References, Tests, and so on.
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However, the development of simulators or other active contents is still a
task assigned to programming experts. Environments such as Multiverse o
CourseWare propose a common simulator access pattern to ease the
implementation of user interfaces. This common pattern benefits from the
characteristics of a language such Java to define abstract classes that can be
adapted for a particular simulator. The same idea of common pattern is used
in the current work to define the set of attributes and methods that forms the
simulator interface. The simulation attributes are identified as:

Control parameters.
Input variables.
Output variables.

And the methods are grouped as:
Reading/Writing of the simulator control parameters.
Writing of input data.
Reading of output (result) data.
Execution operations such start, stop, resume, pause, rewind, forward.
The first group of methods permits the access to the simulator control

parameters, to read their values or to write new ones. These parameters
represent the attributes of the simulation model and they are independent of
the input or output data. The data input is performed using the next group of
methods. Data output methods can be configured to produce different
versions of the simulation results (e.g. text, audio, or graphic data). The last
set of methods represents the control of the simulator operation. The user can
request a global execution to obtain the final results or to execute steps in
order to analyse the simulation progress.

The remainder of simulator components can be developed by means of
any of the design methodologies commonly used. An example of object
oriented programming method is applied in Buendía et al. [5].

3. IMPLEMENTATION AND SYSTEM EXAMPLE

Currently, there are few tools to develop didactic resources based on the
previous design criteria. The option chosen in this work consists of building
a prototype using standard Web technologies such as HTML, Javascript, and
Java. The main idea is to use HTML as the basic format for publishing
hyperdocuments and Java as the programming language for simulators. The
links between the entities developed with these languages are based on the
use of Javascript. Javascript is a script language similar to others like Perl,
Phyton, ... Its main features related to the current work are:

Object programming model.
WWW client functions such as validation and presentation data.

–
–
–

–
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Access to public attributes and methods, defined in Java applets.
These features allow Javascript to set up relationships between HTML

and Java elements. This property is useful to implement links between
contents. This is one of the design criteria previously defined in the
hypermedia model. Such links have also the capability to transmit
information using Javascript objects, which are accessible by the simulator,
developed as a set of Java applets. Next, an example is used to show their
application. The prototype can be accessed at the address [http://www.
eui.upv.es/ineit-mucon/Applets/GesMem/GesMemApplet.html]. It has the
next components:

An HTML document that describes a computer topic such as the memory
management and, more exactly, the algorithms to assign this computer
resource using a distribution of fixed partitions. This document represents
the Problem node in Figure 1.
A Simulator node based on two Java "applets": one called
GesMemlnterface that represents a user interface to access simulation
operations from an external window, and another one, GesMemEngine,
which represents the simulation model.
A Javascript code embedded into the HTML document which includes
the functions to access the simulation methods. Each function can be
activated using a HTML button. The input and result data of the
simulation are represented within a form element identified as
GesMemAccess.
The problem presented in the example consists of analysing the

procedures to manage a computer resource like the main memory between a
set of computer processes. These procedures are limited to a memory model
based on fixed partitions. The simulation control parameters that
characterises the memory structure (e.g. total memory size or partition
arrangement) can be configured, by accessing the attributes of the Simulator
node. For example, the form shows the next data when the Configuration
button is clicked.

The function assigned to this button is called configure() and its
Javascript code is the following:

–

–

–

–
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function configure(string){
// applet verification
control = document.GesMemApplet;
if (control == null) {

Packages.java.lang .System.out. println("Denied
access");

return;

  else {
Packages.java.lang.System.out.println("Granted

access");
}
// Access to applet configuration function
control.motor.setValueString("Url",

control.ventana.url);
 control.motor.setValueString("Particiones",

string);
// Data reading
control.ventana.textoParticiones=

control.motor.getTextoDatos("Particiones") ;
// Data output

window.document.PART1.texto.value=
control.ventana.textoParticiones. elementoDatos(0) ;

}

Such function receives a string argument which contains the
configuration information used in this problem. This information is used to
access the simulation method setValueString defined in the GesMemEngine
applet. This method will set up the control parameters that configure the
memory partition arrangement. Using the method called getTextoDatos, a
representation of these data is displayed on the GesMemAccess form.

Once the memory structure has been configured, the next task consists of
selecting the process set which represents the input data to the simulator. The
selection of different set of processes with their own characteristics will
permit to analyse the memory management in several scenarios. Such
selection is performed by means of the Javascript function load() whose
implementation is similar to the function configure(), previously described.
Next, clicking the Execution button will start the memory management
simulator with a certain configuration formed by empty memory partitions
and a set of process which will be;assigned to these partitions. Using the
Results button, the final assignment of processes to partitions is displayed. In
a "step by step" mode, the partial results about this allocation can be
obtained. The GesMemInterface applet provides the access to these "step by
step" operations. The last button called Correction is an example how the

}

...
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simulator can be used to evaluate a given question. In this case, the question
is about the percentage of memory fragmentation and the user has to answer
it, using the Results information provided by the simulator.

4. CONCLUSIONS

The current work shows the educational possibilities associated to the use
of simulations and the importance of integrating the simulation activities
together with the theoretical contents. The potential of spreading the
evaluation is remarked not only to assess the learning of theoretical concepts
but also to include simulation aspects to check the student's ability against
dynamic scenarios. After showing these possibilities, the problem is the lack
of methodologies and tools to develop this kind of didactic resources on a
large scale. This paper presents the use of a hypermedia model to ease the
design of educational simulators and the integration with other didactic
resources. Further works will intend to develop tools in order to translate
hypermedia specifications into simulation implementations.
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Abstract:           Tutormap is a tool that extends the mathematical computer system Maple with
educational facilities for tutoring and assessment. It allows the student to test
his/her understanding and mastering of both the Mathematics presented and
the Maple language. It also provides the teacher with means to prepare tests
and automatically grade them. This mathematics tutor is designed to operate in
a networked environment, so that students can work independently on their
assignments. We present and discuss the working version of Tutormap, its
future extensions and our experience with it.

1. INTRODUCTION

We teach introductory Mathematics courses to large-enrollment classes at
our university, which is of very recent creation and offers interdisciplinary
programs to future computer scientists and technicians. We need to meet
educational and practical needs of students and faculty members. On the one
hand, classes are formed by an audience that has different backgrounds,
expectations and levels of knowledge. On the other hand, as faculty
members, we needed to find a common methodology and ways to share,
collect and organise our specific points of view, teaching styles and main
goals.

Since the foundation of our university, three years ago, we decided to
broaden the traditional setting of regular classroom and recitation sections of
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courses such as Linear Algebra, Calculus, and Discrete Mathematics. The
use of computers would offer our students the opportunity to review and
visualise general concepts and more specific elementary mathematical
proofs, to improve their problem solving skills and to explore different paths
that can lead to a complete answer to the suggested problem. Consequently,
we decided to employ a symbolic algebra system in our computer laboratory
classes [1].

We decided to provide the students with a system they could use not only
in presence of their teacher (allowing them to receive and give immediate
feedback), but also individually or in a collaborative learning environment
outside the regularly scheduled classes. Therefore, they would be able to
practise more on their weak points and to self-evaluate their own work. It
was particularly important to give our students the opportunity to study
independently because it improves their time-managing skills and allows the
teacher to use more flexible means. Now, we can more easily tutor and make
a more adequate selection of assignments, especially for those students who
work outside the university or who already possess previous knowledge of
some of the topics of the course.

Two important issues in the selection of a system were the lack of an
adequate textbook and the usual time constraints imposed by the class
schedule. We selected the computer algebra system Maple because it
allowed us to achieve such issues. Lectures could be prepared by means of
worksheets, which are interactive and reusable files that allow making
computations, managing complex expressions and describing the problem-
solving process. The user-friendly nature of the system helps to deal with
time constraints: given that worksheets are handled as files in word
processors, it is not necessary to learn a programming language to be able to
employ it.

In general, Maple allows making operations of symbolic computation and
numeric calculus, drawing graphics and developing programs. Other features
of Maple are:
–    The user can typewrite any expression that the system evaluates, and then

it shows its result and waits for new inputs. Its syntax is similar to the one
commonly employed in Mathematics, making the writing of
mathematical expressions or functions more intuitive.

–    It is an open and extensible system. The user-friendly nature of Maple
does not imply a loss in computing capabilities since, if necessary, a
programming language similar to Pascal or C is available and the user
can extend the predefined system.
Maple is being used by us and by other universities (e.g. see [2]), but it is

currently more adequate for professional mathematicians than for teachers or
students. In the paper we describe Tutormap, a system that extends Maple
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with educational facilities. Tutormap is described in the second section of
the paper. In the third section we describe our experience using it. Section 4
compares Tutormap with other systems. Finally, we summarise our
conclusions and identify opportunities for future work.

2. DESCRIPTION OF TUTORMAP

Tutormap is an application that extends Maple with educational facilities.
It runs on any personal computer equipped with Windows 98 or higher.

The teacher can use Tutormap with Maple to teach any subject in
Mathematics, since he/she has to update only the contents of the
corresponding lesson (by updating several Maple worksheets). The content
of the lecture can be about either some Mathematics

or the proper Maple system. The teacher is given a tool to prepare and
automatically assess them.

The availability of the full power of Maple for students while solving
problems fosters “learning by inquiry and practice”. In addition, by taking
tests, students can check on their understanding of the subject matter. The
system is designed to operate both in standalone and in networked
computers. In the latter case, students can work independently on their
assignments. The system can later assess them and record the grades in a
central database.

What follows is a description of the main features of versions 1.0 and 2.0
of Tutormap. The former is a fully working version [3], whilst the latter is
under construction.

2.1 Tutormap 1.0

When the student starts a session, Tutormap offers a menu that allows
choosing among several activities, as Fig. 1 illustrates. Upon the selection of
any of the original options, Maple starts and the session will be switching
between Maple and Tutormap, as the activity requires. In particular, the
student may work on a Maple worksheet, following the instructions written
by its designer. The student can also freely switch between Maple and
Tutormap during an assessment. In this way, he/she can either approach each
exercise following the given order (by solving it and then entering the
corresponding answer) or postponing it.
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A key feature of Tutormap is that it gives full support to the student for
reviewing, at any moment, all the prerequisites necessary to successfully
answer the questions of tests. Prerequisites can be specific Maple
commands, preliminary concepts of the course or concepts of the current
lesson. Such prerequisite structure is in the form of options in the first menu
of Fig. 1.

The understanding of lessons dedicated to learn Maple or prerequisites
and the correct solving of assignments are assessed by quizzes containing
multiple choice questions. When the student has answered all the questions,
Tutormap offers the possibility of either reviewing the answers
(sequentially) or finishing the examination. In the latter case, a summary
with the number of successes and failures is given to the student. Tutormap
also allows the teacher to store and maintain the grades obtained by the
students in a database.

Fig. 2 shows a question in the upper part of the screen, and a worksheet
describing an assignment in the rest of the screen.

2.2 Tutormap 2.0

Tutormap is currently being updated to run the latest release of Maple,
Maple 6. As a consequence, the sections of the tutorial related with Maple
syntax will now refer to version 6, and worksheets created with previous
versions will be automatically updated. We are also making it more
straightforward for teachers to modify the content of courses and all the
related databases of the tutor.
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Originally created as a support tool for regular classroom teaching, our
tutor was employed during laboratory assignments in presence of an
instructor who could answer questions and guide students. Because of this,
the system seems to lack more interactive, adaptive and complete features
that would foster independent study. To this end, new chapters will be added
with a change of style. In particular, more examples and problems will be
included to better balance the rate between theory and practice. At the same
time, the characteristics of quizzes will be modified in order to replace
multiple choice questions with a more complex assessment style, based on a
guide for the student through the inquiry and evaluation of different
resolution paths.

One of the most relevant changes is that the user will not longer be
constrained to work with Maple algebra computer system, since it will be
possible to make use of other applications, such as Splus or Mathematica (in
time, the list of applications available will be longer).

The next big step is to connect Tutormap to the Web. That can be used to
extend the potential educational impact of the system substantially. The
students could connect remotely and have a human tutor answering their
questions and grading their work. More important, all the information
available on the Web could become part of the learning process. Finally, to
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implement Tutormap on Java would allow access to remote databases of
lessons, assignments and tests.

3. EXPERIENCE

Tutormap was introduced to first year Computer Science students at the
Universidad Rey Juan Carlos during the academic course 1997/98. It was
used in quarterly courses on Linear Algebra, Discrete Mathematics and
Calculus. Some of the topics developed were linear spaces and functions,
matrices, coding theory, limits, differential and integral calculus, differential
equations, and an introduction to numerical methods in linear algebra.

The system Tutormap was most effective when we used it as a tool for
motivating learning rather than as an assessment tool. Although all the
students had a personal computer at their disposal, they began either to
compete or to collaborate with each other. They often created work teams,
and exchanged and discussed their results. If they did not obtain the highest
grade, they would go through the assignment as many times as necessary,
trying to correct their mistakes. Students even asked the teacher to make
more assignments available before laboratory time, so that they could
become familiar with the problems they would be asked to solve. A
significant part of them experienced with the system in their spare time.

One of the questions that were part of the official teaching evaluation for
the course “Algebra I” (Spring 1998) was to express the degree of
agreement, from 1 (strong disagreement) to 7 (total agreement), with the
following statement: “The material provided during the laboratory classes is
appropriate”. A total of 70 students, who used the system Tutormap as the
only tool during their laboratory classes, answered as follows:

A total of 102 students answered a similar question included at the
official teaching evaluation for the course “Calculus I” (Autumn 1999). In
that case the results were the following:
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At the end of each term, the students took an exam where they had to use
Maple to (individually) solve ten problems similar in difficulty to those
presented during the course. Grades were exceptionally high. For instance,
of 119 students who took that exam in Algebra (Spring 99), 107 of them got
a passing grade. In a similar exam for the course of Calculus I (Autumn 99),
the passing rate was of 92 over 106 students. In all the courses in which we
use Tutormap, more than 70% of the students passed that exam.

4. RELATED SYSTEMS

There exists a large variety of systems that share relevant features with
Tutormap, and most of them were created to give an answer to problems
analogous to the ones we faced. We will simply comment on some recent
developments.

A Web-based system is incorporated into the calculus sequence at the
Embry-Riddle Aeronautical University [4]. A Web page was created in order
to give students all the information related to their program. In particular,
worksheets containing daily scripts for the class, references, exercises for the
students to work on in teams are included for the calculus classes. In
addition, students can take quizzes with Maple, work in groups and take
team exams.

Introducing tools for self-evaluation and interactive tests into the teaching
methodology gives positive educational results (see, for instance, the study
completed in the context of the Technology Enhanced Secondary Science
Instruction (TESSI) project [5]), so they are becoming a common element of
many mathematics education systems.

Most assessment systems are evolving to more complex learning tools,
where emphasis is put on the use of tutoring systems and adaptive
presentation technology.

The Web-based system OWL developed for General Chemistry at the
University of Massachusetts [6] was created as an electronic quiz/homework
grader providing corrected answers and informative feedback. Now, it is
being used in 9 departments, including Mathematics. It contains a database
that collects permanent records of the progress of the students who are using
the system to complete their assignments. Present and future extensions of
OWL include the introduction of intelligent tutors and more interactive
learning environments.

The Web-based adaptive instruction system Arthur [7] is employed at the
University of Cincinnati. By means of multimedia technologies, it makes
several different teaching styles available to the students and guides them to
find the most effective for their learning process. Before being able to go
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from a topic to the next one or to switch to a new teaching style, the user
must take a quiz that can be graded by instructors or by the system itself.

The interactive problem solver MathEdu [8] is built on top of the
Mathematica system and it is based on the principle of “programming by
example”. It guides the student through the resolution of a problem by
suggesting different paths. It can be used in mathematics courses to combine
theory and practice.

A tendency to an intensive use of the Internet can also be seen. An
example is the Qwhiz Web game [9] for Mathematics and Science. It is an
Internet tool offered by NASA’s Learning Technologies Project that allows
the user to select a difficulty level and play against the computer or other
contestants.

All of these systems, including Tutormap, are works in progress. The
ultimate goal is to create an environment that could adapt to the specific
needs of the student and of the teacher, offer an interactive learning
methodology, enhance critical thinking and simplify the access to the huge
amount of information made available by new technologies.

5. CONCLUSIONS

We have described the main features of the system Tutormap. It is a
complement to Maple that provides educational support for tutoring and
grading. It provides a comprehensive prerequisite structure and it allows
flexible interaction with Maple.

We have also described the positive results obtained by using Tutormap
in our computer laboratory sections. We consider that there are two key
reasons in its success. The first one is that, as the system employs a
computer algebra system, students find support for problem solving
activities, such as considering alternative approaches, experimenting,
guessing, testing and analysing results. Second, the neutral interactive
grading of mathematical assignments with quizzes was essential on
providing motivation and a challenge to students. In summary, we believe
that the educational principle “learning by inquiry and practice” has been
achieved.

We have also explained present and future improvements of our system.
Tutormap 2.0 will be a general tutoring and assessing system, not
constrained to Maple. We also plan to develop a new version of Tutormap
for the Web in order to make it available from remote locations and to allow
the user to take advantage of Web resources.
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Abstract: The process of usability evaluation demands the use of several techniques in
order to facilitate acquisition of differentiated and expressive data regarding
efficiency, easiness in using and interface learning. In some particular types of
interface, as in the case of educational software, the process also requests the
participation not only of interface experts, but also expert evaluators in the
domain of the knowledge involved in the project. This article presents the
results of an experiment involving teachers and interface experts, as heuristics
evaluators of an educational software.

1. INTRODUCTION

Lately, as computers are becoming not only an indispensable resource for
work in offices, but as means of communication, entertainment and
education, the area of Human Computer Interface has had its importance
recognised. With the development of personal computers and their growing
expansion and evolution [1], the need for development of highly interactive
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applications (with increased complexity and richness), grows in volume,
therefore the issue of usability becomes vital for the success of a product.

However, in educational software, those issues become still more
important and justified, because of the obvious implications that usability
problems can cause in this type of application, where a total friendly and
transparent interface is desired, as to the educational goals intended by the
use of a computer as an educational tool and resource.

It is unquestionable that interface projects demand an interdisciplinary
team [2], and a user centred methodology should be adopted, in which the
evaluation process, the central point, could be considered among the
different apprenticeships of the development [3].

Several studies, reported in [2], [3] and [4], have recognised the benefits
of interdisciplinary and collaborative work and, mainly, the users'
involvement in the evaluation process, due to the diversity of knowledge and
experiences demanded by projects of interactive systems.

This article is based on our experience application of heuristic evaluation
techniques, in the evaluation of the usability of educational software, using
teachers and interface experts as evaluators. The second section presents the
technique and the aspects considered to facilitate its use to evaluators who
are not expert in interfaces. The third section describes the object of interface
evaluation. The fourth section reports and analyses the obtained results. The
fifth section presents the final conclusions.

2. HEURISTIC EVALUATION

Among the methodologies used in interface projects, the technique of
heuristic evaluation refers to the most informal method, easy and fast to be
applied [5], because it basically consists of the use of a small group of
evaluators (usability experts) that examine the interface and judge its
conformity with established usability principles (called the "heuristics").

Jacob Nielsen [6] suggests a group of ten basic heuristics of usability that
should be followed by evaluators in the sessions of usability inspection of
the interface. These are listed below:
1. Visibility of system status
2. Matching between system and the real world
3. User control and freedom
4. Consistency and standards
5. Error prevention
6. Recognition rather than recall
7. Flexibility and efficiency of use
8. Aesthetics and minimalist design
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9. Helping users recognise, diagnose, and recover from errors
10. Help and documentation

In this technique, the evaluators can be experts in usability, consultants in
software development with special knowledge (for example, in a particular
style of interface), final users with knowledge of contents or tasks, or other
professional users. The final heuristic evaluation is based on combining
inspection reports from a set of these independent evaluators to form the list
of usability problems.

For this experiment five evaluators were involved, two of them were
experts in interfaces and three were non-experts, an educator and two
geography teachers with domain expertise on the topics covered by the
educational software evaluated.

In the sessions accomplished by interface experts, the heuristics and
procedures proposed by Jacob Nielsen in [6,7] were used literally. However,
for the sessions involving the non-experts, the procedure was:
a) In order to facilitate the understanding of the evaluators’ task and to

enhance their performance the heuristics were adapted as follows:
Heuristics (criteria) of Usability, to be appraised:

1.  Matching between the system and the real world
–  Does the software speak the students' language, that is to say, does the

information is in an accessible, familiar language for them, are not only
the text but also the icons, images and all the other elements of the
interface designed to be easy to understand?

2. User control and freedom
–  Is the user free to choose what he or she wants to do in the software?

That is to say, does the user have total control of the resources offered by
the software, as well as the pace of presentation of information or the
actions he or she will perform? For example: to undo an operation, to
redo it, to leave a screen and to come back to another, to quit the
software at any moment, to repeat a given information or situation, etc.

3.  Consistency and standards
– Does the software keep a clear standardised presentation pattern of the

information among its different screens, that is to say, is there a
deliberate consistency in the way information is presented or in the way
the resources are made available for the student’s use? Does it enable
the student to guess that different objects and actions might have similar
meanings or behaviours?

4. Error prevention
– Does the software contain few execution mistakes and when there is one

it supplies the user with information which prevents the user from making
incorrect operations or taking precipitate decisions. Does the software
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design uses mechanisms that ensure easy understanding and
manipulation, helping students during the interaction and avoiding
operation mistakes?

5.  Recognition rather than recall
–  Does the software supply (making it visible) information that allows the

student to recognise objects, actions, and options, instead of having to
remember abstract instructions?

6.  Gratifying and subjective satisfaction
–   Is the software attractive, pleasant, and aesthetically captivating? Do

texts and dialogues contain irrelevant and unnecessary information, so
that the interaction becomes tiresome or annoying? This is important,
because it is well known that extra information (or media) competes with
more important information and promotes the decrease of the student's
attention span or interest for learning.

7.  Helping users recognise, diagnose, and recover from errors
–  When necessary, is the user supplied with error messages, expressed in

plain language, which help diagnose the problem, and constructively
suggest a solution?

8.  Help and documentation
– Does the software supply a manual or documentation that explains how it

should be used? Does it possess a help resource that can be accessed to
any moment? If it is there, is this material clear, accessible, and simple to
use?

9.  The software is simple and natural
–  Are images, icons, texts, expressions and other available resources

simple to use and to learn? Can they be naturally accessed, becoming a
transparent interface for the student, so that the content and the abilities
to be developed are clearly more important than the software in itself?

10. Flexibility and efficiency
–  Does the software supply resources that allow multiple ways of

exchanging information? Does the student have the possibility to execute
multiple tasks as well as access multiple channels of information
(auditory, visual, etc.)? Is the software efficient in its operation and in
the supplied resources, in order to make its educational purposes
possible?

b) As Nielsen suggested, heuristic evaluation is performed by having each
individual evaluator inspect the interface alone. A copy of the adapted
heuristics, a detailed explanation of each criteria with examples from
other software and instructions on how to report the usability problems
found were given to the evaluators.

c) After a brief training session, each evaluator alone (in order to ensure an
independent and unbiased report) tested the heuristics and the usability
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issues in the design of the interface of all screens. For each detected
problem, the evaluator described his/her observations and considerations
to an observer (normally called the "experimenter"), who wrote them
faithfully down in the appropriate form. Immediately after that, the
evaluator revised the transcription and gave that problem a degree of
severity according to Table 1, below:

3. OBJECT OF EVALUATION

This experiment’s object was the educational software “BRAZILIAN
GEOGRAPHY” - module I. This software belongs to the informative
hypertext/hypermedia type, aimed at 6th grade students at elementary
school. The subject of this particular module is physical geography of Brazil
including information on climate, vegetation, hydrography, etc.

According to Figure 1, the screens of the interface in that module
basically present the following structure:
1. identification area, in the upper right-hand corner of the screen, with the

title and the icon of that particular sub-module;
2. menu of sub-modules, in the upper left part of the screen, with icons in

inactive state;
3. area of options, on the left-hand side of the screen, with icons such as

map, menu, game and sound;
4. menu, in the bottom part in the left-hand corner of the screen, with

themes related to the sub-module being studied;
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5. area of information, in the middle of the screen, where texts and images
are presented;

6. navigational area, in the bottom right-hand corner of the screen, with
right and left arrows for backward and forward buttons.

4. RESULTS OF THE EVALUATIONS

Sessions had variable length among the evaluators' groups, since a fixed
time was not defined. Teachers evaluators accomplished an average of 75
minutes, and interface specialists made an average of 55 minutes.

In this experiment, the obtained results were analysed taking in
consideration both the domain of the problems and their number: 1) by more
than one evaluator (of both groups); 2) only by the interface specialists; 3)
only by teachers; and 4) by all the evaluators (adding the subtotals obtained
in items 1, 2 and 3).

Two domains were related to the problems found by both groups: 1)
specific problems of usability, such as, "the sound icon seems to be active
but nothing happens when a user clicks it"; and 2) problems related to
contents, such as, "In [vegetation], there is a grammar mistake in the third
paragraph of the text on prairies," or "In [hydrographic], the images
presented on ‘bacia Platina’ have little relationship with the text on the
same subject".
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After getting rid of duplicated problems, what remained was classified
and distributed in the following way, as described below, in Table 2:

Analysing Table 2, it is easy to verify that the subtotal of specific
interface problems was larger among the interface experts, although teacher
P1 has detected the same number of problems in this domain in relationship
to experts E2. As expected, another difference could be observed in the
content analysis, in which teachers were responsible in detecting a subtotal
of 13 problems of this type against only 3 problems detected by the interface
experts.

Another interesting data to be considered, although not represented in the
table, relates to problems found by more than one assessor, that is to say,
problems that presented duplicity in occurrences. Here, from 6 problems of
content presentation, 67% of them were only duplicated among teachers'
evaluations. 71% of the 21 interface problems found were duplicated only
among the interface experts’ evaluations.

This data led to the conclusion that, in spite of the evaluators of both
groups being capable of detecting problems in both domains, each group of
evaluators obtained better performance in its area of expertise.

However, analysing the teacher’s performance as heuristics evaluators, a
significant contribution by evaluators/teachers in the total of detected
problems can be found. From the 84 problems detected at all, 27 problems
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were found by more than one evaluator (of both groups), 28 problems were
found only by the teachers and 29 problems were just found only by the
interface experts, as can be seen in Figure 2:

Another data that allowed us to verify teachers' potential as heuristics
evaluators of educational software was the total of problems detected by
each evaluator, before discarding the superimposition of the detected
problems among the evaluators, as displayed in Figure 3:

As Figure 3 shows, through the use of the heuristic evaluation technique,
teachers were capable to find a significant amount of problems in both
domains, as compared to the amount of problems detected only by interface
experts, who were able to detect only 3 problems each.
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5. FINAL CONCLUSIONS

The expressive results obtained with this experiment prove that teachers
are important as potential collaborators in the process of evaluating
educational software because, besides being capable of finding specific
interface problems (in a relatively high average, compared to the knowledge
level that they possess in this area), they are irreplaceable in the detection of
problems related to the presentation of contents, an area that is fundamental
for this type of application.

Those results show, therefore, how easy the learning and application of
the evaluation method is, as well as the validity of a training phase and of the
adaptation of the heuristics to the evaluators/teachers. It is important to stress
that such heuristics can be reused in future evaluations as a form of checking
its real efficiency and aid in the evaluation of educational software with non-
specialist evaluators.

Besides the amount of identified problems, the teachers supplied better
qualitatively information by describing the problems, not just by telling the
quantity of times the problem occur, but, its impact, the sceneries where it
could happen and suggestions for possible solutions, which makes these
reports very important for the elaboration of interaction practices with users.

The only disadvantage presented in the evaluations accomplished by each
teacher was the significant number of reports about the occurrence of a same
problem and the variety of problems identified in a same report, what
demanded a posterior analysis of those reports, for the correct score of the
problems indeed identified by each assessor.

Another data point that deserves attention refers to the high index of
severity of the problems detected by both evaluators, reaching the average of
79% of the problems with degrees of severity from 4 to 5, which checks,
according to experiments told in [8], that the method of heuristic evaluation
allows the identification of a high number of problems of serious gravity.

Even so, in spite of the excellent performance presented by the teachers
in the test sessions, it is noticed that the specialists' participation in interface
is indispensable in the detection referring to usability problems. Thus, it is
observed that each group of evaluators cope with specific problems of each
domain and both contributions should be used in a complementary way, for a
more efficient evaluation.
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Abstract: Testing by computer is becoming more and more important in the present
Tutoring Systems and Distance Learning Models. In this work, starting from
several previous contributions and considering the assessment methodologies
specified mainly by the Institute of Education Sciences of the University of
Oviedo, an integrated model of test processing is proposed consisting of the
following elements: an open items editor compatible with the current word
processors that permits the highest flexibility at the moment of composing the
enunciations and distracters with different multimedia elements, an items
classification system in thematic areas making sorting and content balancing
feasible in test working and facilitating the portability in different
environments, a mechanism of selection and presentation to the student that
permits simultaneously teacher predefined tests, a random access to the items
for training and a self-assessment bayesian system, and finally, by means of a
Client/Server architecture, an application for net management that facilitates
their use as much in local area networks (LANs) as extended through the
Internet.

1. INTRODUCTION

In the current academic environment, the interest that tests are having is
increasingly higher in order to evaluate the students’ knowledge acquisition.
They are equally used as methods for assessing knowledge at a general level,
as first filters to access related concepts in the study progress or as a study
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mechanism for training, learning and verification of knowledge
comprehension and assimilation, developed by the students themselves.

In recent years, because of the implementation of new technologies in
virtually all the academic areas, the computers have been made available to
the majority of students, both for performing tasks and teaching the subjects
to be studied. This fact, united to the proliferation of distance tutoring
systems and other commercial models for teaching by computer, joined on
the development of LANs and the widespread use of the Internet, gives us
the possibility and necessity of fusing the test with these work tools.

Existing documentation about testing is numerous, generally with
technical methods of items elaboration and processing [1, 2, 3]. With regard
to these, in this work, we are not going to value the interest that this kind of
objective tests have in the different teaching sectors. There are defenders and
detractors who expound their position in a clear and concise form [4]. The
only one thing we intend is to give a specification of an open and enlarged
model for item edition and management, making the combined use of these
tests with LANs and the Internet possible, besides taking us into other fields
like the utilisation of on-line adaptive methods to permit them to fit the
student profile under examination.

2. BACKGROUND

The tests common denominator is that the student must select an answer
between a set of alternatives before performing a mental task sometimes
accompanied of the physical manipulation for the response. The relationship
between the process of construction of a test and its validity is complex, and
precisely because of this complexity it is necessary to establish some
mechanisms or rules for their creation. In brief, we can say that, for the
creation of an effective test item, we must keep in mind what to check, that
is to say, what the variable to determine with the item is. It is no easy task to
obtain the maximum relation between the item and the evaluated goal, the
ratio that influences directly in the validity and reliability of the outputs. Its
determination requires not only mastery of the subject matter and the
expression, but also a great knowledge of the psychological aspects of the
measured capacity.

The test items can have diverse formats such as true/false, multiple
true/false, double answer, limited answer, multiple choice questions, and so
on. The latter are the aim of the present model, that is to say, the items in
which there are possible multiple answers defined and the user should select
the one or the ones he/she considers to be correct. In this respect there exists
an extensive bibliography in which the steps to follow for the creation of
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these kinds of items are specified, besides forms of rules to make the content
structure and the canons so the student assessment is complete and does not
decrease by a poor or bad definition [5].

A system for items editing has been developed in Díaz Villalta et al. [6]
following the methodology established in Neira et al. [1] which serves as the
foundation for the model here presented.

3. ITEMS EDITING AND MANAGEMENT

Next, we will specify the bases of a model to make it possible to carry
out all the processes that take part in test creation and utilisation by
computer. First we have the application which will offer the user all the
necessary tools to create and qualify each item that will make up the tests.
Once the items have been edited, there arises the need to create the data
structures in order to classify and associate these items with clusters of
concepts and knowledge areas. To save and support this items framework,
different databases are defined. They will be used for items search and
selection as well as the elaboration of reports and statistical studies. Once we
have reached this point, we can proceed to create the true test, that is to say,
the set of items that make up the exercise. We must also give the students the
necessary tools for their access to its execution either through a LAN or
through the Internet.

3.1 The items editor

The goal here is to have a tool capable of including the items creation
methods and rules for their easy utilisation by the teacher [ 1, 2]. For the
application of these methods it was decided to avoid the items editors which
contain the text format of the head, the number of possible solutions and the
graphics elements prefixed [7], because we believe that these structures limit
the educator when the time comes to embody his/her ideas on a determined
item.

Therefore, the application will provide all the necessary tools on the
screen so that the teacher can develop and "draw" the elements of the item at
will. For this reason, the main window has been divided into six
superimposed levels. By means of these, by freely inserting a text in any
format, graphics or photo files and drawing elements as lines, rectangles or
ellipses it is possible to observe important aspects of items or simply to make
it more "attractive". The last level allows us to specify the possible solutions
as well as the item correct responses. Finally we could also associate the
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item with multimedia elements, such as sound, thus enlarging the range of
matters the test could be applied to. (figure 1).

3.2 Databases and classification

Once the items have been created, they must be classified inside different
structures to facilitate subsequent relationships between the items and the
related topics or concepts. To do this, a "catalogue" has been defined. It
consists of relating all the topics and concepts which concern a subject
matter in a hierarchical structure by way of a tree (figure 2). By means of
this item structuring it is possible to have the items classified according to
the issues they are related. It is feasible too that an item is associated with
several topics within the same classification because to reach the correct
answer of some questions it is necessary to apply knowledge about different
subjects.

A second use of this items cataloguing appears when a prefixed test are
created. The model allows three methods for item selection. On the one
hand, the teacher can select the questions directly, in an analogous way to
the classic pencil and paper test. To put it simply, the subject to be examined
must be chosen and all the classified items with a related topic will be shown
and then those which make up the test must be marked. Another item
selection method consists in identifying the topics which make the test, and
the system, randomly, will select the items among those available. And
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finally, the third method is to indicate a catalogue and let the system extract
all the items.

3.3 Adaptive selection of items

An adaptive test follows an administration process of test in such a way
that the items are presented to the student as a result of his/her activity and
his/her previous items answers. An adaptive test evaluates with the same
accuracy all the students independently of their skill levels, against a
conventional test that has its greatest accuracy in the nearest level to the
level of average difficulty of the test. To carry out this task it is only
necessary to be able to provide at all times items with adequate grades of
difficulty and discrimination to the skill level of student. The evaluation
produced by an adaptive test is of higher quality and with fewer items than
produced by a conventional test; this improvement is reflected in a higher
grading accuracy on all the levels of the student’s feature that is been
analysed; that is to say, there is an improvement of psychometric
characteristics of the tests: reliability and validity [8].

There are a lot of research works about adaptive test by computer [9, 10].
The main difficulty to carry out these tests is the choosing of items that must
be realised in order to make the test as efficient as possible. As an approach
to matter, we have chosen to implement Owen's methodological model [11],
because it is the base of great majority of the present commercial
implementations [12].

Owen's adaptive test model uses various parameters to characterise the
items. These parameters are:

Item difficulty: it values the item conceptual difficulty
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Item discrimination power: it values the knowledge of matter if the item
is correctly answered.
Item guessing factor: it values the possibility to answer correctly if the
student has not got any knowledge of the matter.
The parameters to the final valuation of the student are based on a normal

distribution function and a density function characterised respectively by
parameters and

Begin
to choose a theme to evaluate;
to introduce the parameters initial values:

initial average: is an estimation of the student’s knowledge about
the theme;
initial variance: is an estimation of the confidence interval to
approach the average;
delta: the chosen item will verify that the absolute value of
difference between the chosen item difficulty, and the average,

must be minor than delta; which is:

finishing_parameter: if the current variance is equal or minor to
finish the parameter, the process is stopped.

While variance > finishing_parameter do
to choose the item with maximum information, which verifies Abs(dn -
Mn-1) < delta, and also it has not been chosen previously in the course
of the test;
to assign the values to parameters formulas:

to check the answer of student to the current item;
if the answer was correct then to calculate the new average and the new

variance according to formulas in figure
3-a

else according to formulas in figure 3-b
end_if
end_while
to calculate the last mark
end.
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3.4 Client/Server application of items

Once the items classification subsystem and the trial producer/manager
subsystem have been built, the next task is to build a process that allows the
communication with students by means of networking (intranet, Internet,
etc.). An option based on an architecture client/server and on the Internet
proper technologies is presented below.

Two tools carry out the task. An administrator tool works as Web Server
and the other tool allows us to access all resources offered by the
administrator tool; that is to say, it works as a Web Client (figure 4).
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The server tool allows us to exchange the information between the
DataBase and the last user. It administers all the requests received and it
stores in the DataBase all the dates accumulated by the last users:
answers, marks, etc.

The Client application (figure 5) is distributed among students and
it allows them access to the test generated by the Server. Once the
communication Client-Server is established and the user’s identity is
recognised, behind a series of steps the system allows the student to
start the adaptive test, according to Owen's model. In the end, the
client application sends the results to the DataBase. After this, the last
mark is shown. Also, by means of this tool, each student can have
access to all the work they themselves have done.

There is the possibility to carry out a classical non-adaptive test.
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4. TRIALS AND CONCLUSIONS

At present, there are two catalogues with items edited and classified
about matters such as logic and knowledge of traffic codes corresponding to
official tests to obtain a car driving licence. The logic catalogue includes
basic knowledge to assess the Logic matter of first course of the Escuela
Universitaria de Ingeniería Técnica Informática at the University of Oviedo
in Gijón (Spain). The pupils use it as a tool to pass the tests. They can work
through the university intranet from their work place at school, or from home
through the Internet.

Initially, the system was tried out with connections from a work place at
school through the intranet of the University of Oviedo; it was also tried with
Internet connections from far away places in Spain and from foreign places.
The system always responded in the expected way .

A system has been built up with various advantages both for researchers
and students alike.

Among the advantages for instructors the following can be pointed out:
By means of a system editor it is possible to edit items in a way which is
easy and comfortable, practically without limitations of forms, answer
number, colours, graphic, sound, etc. in accordance with present
methodologies.
The cataloguing of items is open and flexible, allowing the test making to
be directly accessible to students training.
The system allows working in network, with direct communication of the
students with the Database.
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The system allows the provision, in a structured way, of all the
information about the tests and results of each student.
Among the advantages to the students the following can be pointed out:
They can access from different work places: at School, at home, and from
anywhere with connection to the Internet; so as to check their knowledge
during training.
The system environment is friendly, it motivates the students to train and
it is helpful when studying.
It is possible to work on a network to interchange the opinions about the
results of trials.

5. FUTURE DEVELOPMENTS

After the model has been presented and its installation initially tested, it
is necessary to evaluate its benefits. Because of this other comparative
studies will be carried out with other adaptive methods. Also, an automated
management will be carried out to emit reports both for students as for
instructor; it could be used to obtain information to realise processes of
machine learning, whose results will help to classify the student. It is
planned to incorporate more multimedia elements such as video, and in this
way, the area of application of the objective tests will be extended.
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Abstract: This paper describes MathTrainer, a system that guides the student while
learning mathematical concepts that involve symbolic manipulation, such as
the resolution of Ordinary Differential Equations. MathTrainer shows students
the steps that are required to solve exercises with symbolic calculations. The
exercises can be posed by the student or by the system. MathTrainer identifies
the type of exercise by means of a pattern matching mechanism and then it
successively shows the tasks to be accomplished in order to solve the exercise.
MathTrainer has been integrated in the MathEdu teaching environment, which
includes an authoring tool for the design and interactive resolution of
mathematics exercises. Thanks to this integration, MathEdu allows the
students to learn first how to solve problems of different types; after this, they
can practise and get feedback about their actions.

1.

During the last years new tools have been developed that simplify the
design of generic user interfaces [1], using Programming by example
techniques  [2]. In principle, these techniques can be used in an authoring
tool in order to make the work of the teacher who designs the contents of the
course more intuitive and simpler to accomplish. There are two means that
allow the designer of a course to work using programming by example: on
the one hand, the tool can allow the designer to work in the same
environment the student will work when following the course. This kind of
environment facilitates the teacher’s discovery of the difficulties the student
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can have when working by himself, as well as the enhancements that can be
incorporated to the course under development. On the other hand, the
mechanism of generalisation allows the teacher to work just on a specific
example or problem and later on to extend his/her work to a whole set of
situations that include the original one as a special case. The development of
a module with this feature for an authoring tool is very complex, but it is a
task that has to be accomplished just once, and it can be done by experts
without big limitations about the amount of time to be spent on it. Once this
work has been done, it is reused constantly by the different course designers
in each course they develop. Moreover, in this way the course designers do
not need any special knowledge about the language or technology that is
used behind the scenery, so most teachers can use the tool without any
special training.

In this paper we describe how we have enhanced a tool for the interactive
resolution of problems of Mathematics, MathEdu [3], using the techniques
described in the previous paragraph, with a new module, MathTrainer,  that
guides students through the steps required to solve exercises which can be
specified dynamically. The exercises can be posed by the student or by the
system. MathTrainer identifies the type of exercise by means of a pattern
matching mechanism and then it successively shows the tasks that have to be
accomplished in order to solve the exercise. Thanks to the integration of
MathTrainer, MathEdu allows the student to first learn how to solve
problems of different types; after this, s/he can practice and get feedback
about his/her actions. In case the student repeatedly makes some mistake
while s/he is practising, MathTrainer takes control of the session and shows
him/her how to finish the resolution of the problem s/he is trying to solve.
This is related to the MathCAL  approach, [4]. The enhanced MathEdu
system can be used to develop complete interactive courses about
mathematical subjects that involve symbolic manipulation, such as the
resolution of Ordinary Differential Equations.

The paper is divided into the following sections: first, the main features
of MathTrainer are described. After this we show the mechanism used for
the representation of the symbolic aspects of mathematical knowledge, and
the way this mechanism is used by MathTrainer. Finally, we present some
conclusions and references.

2. THE USE OF MATHTRAINER BY THE STUDENT

MathTrainer is used by a student who follows an interactive course. A
MathEdu course is a sequence of chapters that include theory, examples, and
problems. Examples are instances of problem types with specific values for
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the formulae that appear in their statements. While working, students first
read the theory and the examples, and then they can either ask for more
examples, which are dynamically generated, or solve some problems in a
guided setting. The sequence of exercises is not predefined: the student
selects the subject, and the type of exercise is chosen randomly by the
system.

From the point of view of the student, MathTrainer is just a program that
allows him/her to sequentially visualise a presentation of the steps required
to solve an example. At the beginning of an explanation the student can
choose the problem to be explained by typing some of the formulae that
appear in it. For example, when seeing how to solve a linear differential
equation, and after having seen a simple example, such as the resolution of
the equation the system will explain that any function of  x and y that
is linear in y can appear instead of y, and any function of x can also appear
instead of 1. The student can then ask the system to show him how the
solutions of equations like can be computed, and MathTrainer
will then give him/her a step by step explanation of the resolution of this
problem. In case the example proposed by the student is not appropriate, the
system will tell him/her that, and it will also let him/her know whether
his/her example can be already solved according to what he/she has already
studied with MathEdu.

At any moment the student can also ask for the origin of some formula
that appears in the explanation. This is done by selecting the desired
mathematical expression and using a tool for this purpose. The system then
will show him/her the formula that has been used in order to compute the
expression, as well as the previous expressions that are involved in the
computation.

Another way in which MathTrainer is integrated with the previous
MathEdu module for interactive problem resolution by the student is by
giving him/her explanations about how to go on in case of a repeated
mistake while solving a problem, or in case he/she just asks for this help. In
the original version of MathEdu, this kind of help could be provided only in
case the designer of the course had foreseen its necessity, and in this case,
the designer had to specify the whole explanation by hand. This limitation of
MathEdu was especially important, since the same situation appeared at
every step of the student’s work, so the amount of work involved if the
designer wanted to give support for the student to get additional explanations
at any moment of his/her work was tremendous.
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3. THE USE OF MATHTRAINER BY THE
DESIGNER

The design process of courses by means of the enhanced MathEdu
environment makes the presence of MathTrainer completely transparent to
the teacher who is in charge of it. Thanks to the use of Programming by
Example techniques, the designer only has to concentrate on the problem
resolution process as the student will face it and the sequencing between the
different kinds of problems instead of thinking about the internal aspects of
the resolution management algorithm. In this section we shall give a brief
description of this process.

The design of a course is done through              notebooks [5],
which are interactive documents composed by cells that allow the insertion
of text, mathematical formulae, buttons and graphics, as well as palettes with
buttons and tools for the accomplishment of some special tasks. The
theoretical contents of each chapter are introduced using the standard
procedures provided by  notebooks. Problem types and
examples are introduced by typing their statement, and generalising them by
associating parts of the mathematical expressions that appear in the
statement to generic metavariables which include acceptance conditions and
random generating functions of the expressions involved in the statement.
The designer then specifies the resolution process for the problem and the
guidance to be offered to the student while solving it by explicitly indicating
a sequence of dialogues that allow the student to determine corresponding
data at each step during the process. The value of each new data that the
student has to determine is specified in terms of symbolic operations applied
to the previous ones and evaluated at run time. These dialogues, together
with some minor variants of them, and subproblems to be solved form a
sequence of actions that the student and the system perform during the
resolution process.

The formulae that indicate the values that the student has to introduce at
each step play a role similar to that of formulae in spreadsheets. The role
played by cells in spreadsheets is played by mathematical expressions in
MathEdu. The main difference between the two cases, besides the power of
symbolic calculation obtained by the use of  lies in the fact
that MathEdu specifies an order in which the corresponding mathematical
expressions are shown to the student.

The design process can be seen as if the designer was doing by hand the
actions that both the system and the student are supposed to do at resolution
time, and the design engine recorded these actions. When MathTrainer is
showing the student how to solve a problem, either generated by
MathTrainer itself or posed by the student, it just reproduces the actions
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specified by the designer and makes itself the computations that are
involved. On the other hand, when the student is solving a problem,
MathEdu just executes the actions specified by the designer, corresponding
to the system, and it checks that the expressions introduced by the student
through the dialogues are all right according to the corresponding formulae.
Every expression introduced by the student in an action is contrasted either
with a pattern for such an expression that has been specified by the designer
or with an expression obtained from the metavariables through symbolic
operations. This validation process uses the powerful pattern matching
mechanisms of Mathematica, that allow the specification of arbitrarily
complex structural patterns for mathematical expressions. For example, a
relatively simple pattern in Mathematica can exactly match rational
functions.

MathEdu also uses the power of symbolic computation of
to allow the designer to define strategies and cases for each type of problem
depending on the specific data associated to the problem. A strategy includes
patterns for the metavariables of the problem. These patterns are used to
check when the strategy can be applied. Strategies also include resolution
actions representing the steps that have to be accomplished in order to solve
the exercises.

Different strategies for the same type of problem differ in the actions that
have to be accomplished in each case, while different cases for the same
strategy differ by the pattern that characterises the values of the initial
metavariables that are present in the statement. For example, linear ordinary
differential equations correspond to the pattern

which is specified by the designer.
Both when showing the students how to solve a problem and when

checking how they solve it, the first thing MathEdu does once the specific
statement has been specified is to determine the possible strategies and cases
that correspond to the problem. This is done by means of a pattern matching
process between the formulae that appear in the statement and the patterns
that correspond to each strategy. For example, if the problem consists of
solving the differential equation

then the metavariables a and b in expression 1 are associated to the variables
y and x respectively, and the functions f and g are associated to   and
respectively, hence the strategy for resolution of linear differential equations
is accepted, which has only one case. The sequence of actions that have to be
accomplished in this case is the following one:
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– Solve the following subproblem: solve the corresponding homogeneous
linear equation.

– Substitute the multiplicative constant in a generic solution to the
homogeneous equation by a generic function C of x, thus obtaining a new
function that will be equal to y.

– Substitute the resulting expression into the differential equation, and
solve the resulting equation for C.

– Substitute the value obtained for C into the expression for y. This is the
solution to the problem.
These actions are specified interactively by the designer. Each action will

give rise to a presentation in case the system is showing the student how to
solve the problem, but if it is checking how the student solves it, a dialogue
for each step will be shown, and then it will check the answers given by the
student to the questions asked in the dialogue.

4. CONCLUSIONS

In this paper we have shown the main features of a highly interactive
system to train students in solving problems of Mathematics. MathTrainer
shows the students how to solve problems generated by the system and
others that are posed by the students themselves. The specification of the
way the system has to show the students how to solve each type of problem
and how it has to check the students’ resolution of each problem is done
through the use of a variant of the Programming by Example paradigm.

MathTrainer incorporates new functionality that was not available in
previous tools. This functionality facilitates the definition of courses on
subjects that involve symbolic computation allowing the student to learn the
resolution methods for exercises related to these subjects faster. The main
goal is to make the student feel the system as a collaborator in his/her
learning process.

At this point there is a first prototype of MathTrainer that is partially
integrated with MathEdu. The first version of the enhanced MathEdu
environment will be ready in some months, and the validation of the system
will be done through the development of a course on Ordinary Differential
Equations.

Finally, among the future work we have plans to develop mechanisms
that allow the system to automatically detect the existence of priorities
between different parts of the course, so that if a student wants to learn some
special subject, an optimal path is created automatically that will show him
all the necessary prerequisites before teaching him the desired subject.
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Abstract: The use of computers for teaching, and most specifically in learning Physics,
may be an element that will improve and drastically modify the traditional
teaching process. Easy Java Simulations, EJS, is an authoring tool that allows
people that are not programming expert and unknowing the Java language, to
develop Java applications. EJS structure is based on the idea that most
computer simulations of scientific phenomena can be described in terms of the
so-called Model-Control-View paradigm.

1. INTRODUCTION

Computer simulations could be a very efficient element in the learning
process [1]. The lack of tools that allow teachers that are not expert in
computers to develop their own applications is one of the reasons why
computer simulations are not so used in the teaching process. EJS is a
product for the teacher/author that allows the generation of interactive
graphic environments with high realism, facilitating the use of powerful
programming structures with the simple use of the mouse without needing to
write a code line. The applications produced with this tool are Java products,
so they are independent, multi-platform, they can be visualised using any
Web browser (and therefore distributed through the Internet), read data
across the net, communicate with other applets and be controlled using
scripts from within html pages. This last characteristic is very important to
develop didactic units to promote discovery learning [2].
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EJS structure is based on the idea, previously implemented by the author
in UNIX environments [3] and by other applications [4], that simulations are
basically formed by three components: Model, View and Control.

Figure 1 Parts of a simulation

It is taken for granted that the user knows how to translate their model by
means of some subgroup of sentences of C language, defining actions linked
to programming structures they can create their graphic interface, allowing
time running interaction with the model. EJS hides most of the Java aspects.
EJS is Java written, so it allows the user to concentrate her efforts in the
simulation model. The most appealing fact for people that begin with this
kind of environments is the View. It allows programming sophisticated
graphic simulations without writing a code line.

2. DESCRIPTION OF THE SIMULATION
ENVIRONMENT

When running EJS a window with three different areas appears. On the
upper side we see a menu bar with the entries File, Run, Font and Help, and
a toolbar with some icons, which are standard in most programs. They allow
us to open, to save, to generate applications and to run them, among other
possibilities. Just below the toolbar we see a panel with four tabs labelled
Model, Control, View and Connections. When the Model tab is selected
(which makes it grey, although it is red when unselected), we can see again a
panel with five tabs. This means that the Model part of our simulation can
consist of up to five subparts. The other tabs, the Control, View and
Connections tabs do not have the same structure, but a specific one adapted
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to their nature, as we will see. At the bottom there is a panel where the
messages that generate EJS are shown as our instructions are processed.

Figure 2 shows the parts to implement the phenomenon we want to
simulate. We create the model of a phenomenon when we identify the
relevant magnitudes, set their values at a given moment and establish the
laws that govern how these magnitudes change. We use the word magnitude
to refer both to state variables (values that describe the phenomenon) and to
parameters (values used by the governing laws). When we write our
simulation, we will refer to magnitudes as variables. The system can evolve
autonomously from the current state to a new one simulating the passage of
time (which, by the way, may or may not be one of our variables). We call
the equations ruling this transition evolution equations, which can be written
as a system of one or more equations. Simulating the evolution of a model in
time consists in computing the new values from the current state of the
model, taking these as the new state of the model, and continuously
repeating this process for as long as the simulation runs.

A view is created by including graphical components within a window.
The View gives us the opportunity to create a sophisticated graphic interface
with practically the only use of the mouse. To facilitate this process the
View has been divided in some parts, first the Creation of objects shows us a
main window that will be used to implement our interface, components are
grouped by their features. Once a component has been created we can edit
their characteristics and modify them at will. Other panel lets us write the
code we want to be run when the interface is initialised. Finally, Utilities
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give us the opportunity to remove the component or modify the
characteristics generated as it was created.

An important fact of the simulation is their interactivity, that is, to be able
to change the model variables from the graphic interface and also some
characteristics of the their components, to do this EJS has Connections that
allow us to link characteristics of the graphic interface with the model
variables or with actions previously defined in Control.

3. AN EXAMPLE: PREDATOR-PREY SYSTEM

We will give an example that will show us one of the features of the
model, the resolution of differential equations writing the mathematical
expressions as it is shown in figure 4.
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Let us guess x(t) and y(t) represent the prey and predator population at
instant t, without predators the prey population will evolve proportionally to
its value, being the number of contacts predator prey could be
written as bxy, so we can write the variation of the prey population as

In a similar way the number of predators will grow proportionally
to their population y and to food x, and will decrease with dying,
dxy. If we introduce the effect of hunting in the same rate for both
populations, their evolution could be expressed by the following equations:

These equations could be introduced in this format in the Model selecting
Add Equation as it is shown in figure 4. Using View we can create a graphic
interface similar to the interface shown in figure 5.
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EJS is a product for free distribution. At http://fem.um.es/Ejs/index.htm
you can find information about this tool as well as download facilities with
some examples, the one we have shown in this paper included.
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Abstract: In general, CASE tools are a fundamental support to improve and automate the
software development process in every stage of the project life cycle. From
this point of view, it seems necessary that the future software engineers should
be trained in the appropriate techniques to build software applications, but they
must also take the opportunity to apply these techniques with the help of
automated tools. However, these tools are not always available for teaching
purposes, because of two reasons: the high cost of the tools licences and the
enormous diversity in this area. In this article, ADAM CASE is presented. It is
an upper CASE tool developed at the Computer Science and Automatics
Department of the University of Salamanca. The main aim of the work is to
solve the existing lack of CASE tools in Software Engineering laboratory
course within technical studies of Computer Science in this University.

1. INTRODUCTION

Computers have become an essential work-tool in practically every social
or labour sector. Adequate software exists in every area, which makes it
easier to automate the activities to be done.

The software development industry is not free from this situation; it
needs tools to improve software engineers’ productivity in the whole life
cycle of the project. These tools usually receive the generic name of CASE
(Computer Aided/Assisted Software/System Engineering) tools.

This work has been partially financed by SA02/00F Junta de Castilla y León project.
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This fact is presented at the moment to organise the teaching in the
courses with more emphasis in code related stages, where the exhaustive use
of IDEs (Integrated Development Environment) is a common practice in
their laboratories.

However, when we go up in the abstraction level of the software
definition, automated tools poorly support the imparted concepts and process
in the theoretical part.

Several arguments could be given to justify the previous assertion, but we
can resume them in economic terms: laboratories with licences of this kind
of tools for every machine are so expensive that they are impossible to get.

This situation is specially serious in courses related to Software
Engineering (SE) discipline, where the utilisation of upper CASE tools is
very interesting to automatically support the analysis and design stages.

In this work ADAM CASE vl.0 is presented. It was conceived to be
usually applied (but not as the only way) in the SE laboratory course in the
technical studies of Computer Science (Ingeniería Técnica en Informática de
Sistemas) at the University of Salamanca (Spain).

The rest of the article is organised as follows: the second section explains
how the tool is used in practice within the SE laboratory course in the
context of the Salamanca University. Section three is centred on the
exposition of the most interesting technical and functional characteristics of
ADAM CASE vl.0. The fourth section lists other related works, comparing
them with our tool. Finally, section five closes the paper with conclusions
and future evolution of this work.

2. PRACTICAL SOFTWARE ENGINEERING
TEACHING SUPPORTED BY CASE TOOLS

Despite the initial failure of the first generation of CASE technology in
the eighties, mainly due to its limitations and its bad assimilation and
establishment, a new generation of automated tools has come up. Many of
these tools are not called CASE, trying to escape from the old ghosts. They
try to contribute with better services to build up a systematic software
development process.

Nevertheless, although the advantages to automate the software
development process are obvious, several reports [1,2] are not very
optimistic about the massive utilisation of this kind of tools applied into the
information systems of organisations. They emphasise the main use of
programming integrated environments compared with the tools that support
other activities in the software life cycle, where software is thought or
manipulated at a higher abstraction level.
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In spite of this, from a curricular perspective, an integration of the CASE
technology in the curricula of the computer science courses is recommended
[3]. We must care for a better adaptation of the new professionals’
qualifications to work with these automated tools, looking for a better
software quality, and also a better development process when these begin
their professional lives.

Specifically, in SE course, imparted in the third year of the technical
studies in Computer Science in the University of Salamanca, we try to make
the students know and use CASE tools. Obviously, due to time limitations,
we have chosen to emphasise the use of upper CASE tools. This kind of
tools is centred in analysis and design stages of software development. For
most detailed information about CASE tools classification the next
references are suggested [4, 5, 6].

In the organisation of the SE laboratory course, CASE technology is not
our mainstay. We intend it to be a support tool to apply specification and
modelling techniques, both of structured and object-oriented paradigms,
studied in the theoretical part of the SE course. In this way, these automated
tools should be used as help and validation in the creation of technical
documentation of the practical exercises that are proposed to the students in
the SE laboratory.

In the first editions of the SE course, the fulfilment of this objective was
compromised by the lack of tools to provide to the students. These shortages
were caused by the following reasons:
– In the commercial area there were different alternatives, but it was very

expensive for a laboratory to buy enough licences of two CASE tools
(one for the structured techniques and another for the object-oriented
ones), especially when the SE course was not oriented to these tools.

– In the free software area, for the object-oriented paradigm techniques
there were many and diverse possibilities, each one with its peculiarities
and limitations. However, for the structured paradigm techniques the
offer was very poor, some demo versions were available, but they were
limited in their facilities.
To face this situation, we decided to recommend some free tools with

UML (Unified Modelling Language), like Rational Rose [7] or ArgoUML
[8], for the object-oriented part; also we cited some graphical editors with
different structured methodologies notation support.

Clearly, this was not the most suitable situation to face up the applied
practices in the laboratory in concordance with the proposed teaching goals.
For this reason we decided to design and implement a set of CASE tools to
apply them both in teaching and in research projects.

As our initial goal, we planned to achieve a first version of an upper
CASE tool that supported the two main techniques explained in SE courses,
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i.e., DFDs (Data Flow Diagrams) and UML class diagrams, both under the
same GUI. This should make it easier to accept and help in the formation of
its users (students and teachers).

The result of this initial attempt is ADAM CASE vl.0, whose interface is
shown below. This tool will be used for teaching in the SE laboratory in
academic year 2000-2001.

Figure 1. ADAM CASE interface

3. ADAM CASE FEATURES

ADAM CASE vl.0 could be considered as an upper or front-end CASE
tool, working under Windows 9x, NT or 2K platforms. It assists developers
both in the creation of DFDs, using the Yourdon’s notation [9] and in the
creation of UML class diagrams [10]. Independent of the diagram type, the
tool provides a data dictionary and automatic creation of technical reports.

In this section we shall briefly describe the most outstanding
characteristics of ADAM CASE, specifying the technical aspects considered
in its development and the main functional facilities.
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3.1 Technical issues

This tool has been fully developed under the object-oriented paradigm,
using MS Visual C++ 6.0 for its final implementation.

One of the main design restrictions was the integration of DFD and class
diagram techniques in a single software application with the same GUI,
making the tool management easier.

In the GUI design the next constraints were considered:
–   The GUI should be functionally independent: separating the tool

interface from its functionality is the way to achieve a portable
application to other platforms. The basis of the GUI design is the Model-
View-Controller (MVC) pattern, which is widely studied in [11].

– The “look and feel” of the tool interface does not vary too much with
other commercial tool interfaces. We have chosen the Rational Rose [7]
interface as a model because it is one of the most utilised tools with UML
support.
The application architecture (system architecture is understood as a

global high-level structure whereby subsystems, the relationships among
them, and the documentation thereof, are proposed [12]) is based on the
Losavio’s model for an object-oriented CASE environment [13]. This model
coincides with other architectures for interactive applications, which
promote independence between the semantics of the application and its
interface. It proposes a three-tier architecture: interface tier, semantic tier
and integration tier.

In the first version of ADAM CASE the two firsts tiers are clearly
defined, although the integration tier is less outlined. Table 1 shows the
functional elements of each tier, for the current ADAM CASE version.

3.2 More outstanding functional characteristics

As stated before, the main goal of the present version of ADAM CASE is
having a tool that allows the creation of DFDs and UML class diagrams,
across the same GUI. Additionally, a set of facilities for analysis and design
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technical documentation is provided, emphasising the data dictionary
management and the automatic report generation.

With the aim of presenting the most interesting parts of this tool, we are
going to organise this subsection in two points: the DFD creation and the
UML class diagram creation.

3.2.1 DFD creation

DFD is the most representative technique in structured methodologies for
system functionality view modelling.

A DFD is created in ADAM CASE inside a structured project. The
creation process is very intuitive and it is specially thought for levelled DFD,
beginning in a context diagram and following a descending decomposition.

The creation of whatever diagram in a levelled DFD follows a communal
steps, these are:
1. Add the components that form the diagram (processes, stores and

external entities) and establish its properties. The components are chosen
from the component tool bar (see Figure 2). Yourdon’s notation has been
selected for this version Yourdon [9].

2. Data flows are used to link the diagram components.
3. The data flows are associated with data dictionary entries.
4. If necessary, every process could be exploded to generate a new diagram.

The project monitoring and maintenance is easier with the use of the
project navigator. It allows the direct access to the properties of each project
element, both diagrams and diagram components.

One of the most interesting characteristics of this application is the data
dictionary manager. This dictionary is constructed simultaneously with DFD
development, making its modification and its integration in the final report
easier.
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In Figure 3 the data flows specification dialogue box is presented. Here
we can appreciate the tight relationship that exists among the data flow
properties and a data dictionary entry. In this image the main dialogue box
used for the data dictionary management is also included.
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When the DFD is finished, the tool has the option to generate the
technical documentation with the system functional model in HTML format.
In this process the user can select the elements he/she wants to introduce in
the final report. The dialogue box to perform this option is shown in Figure
4.

3.2.2 UML class diagrams creation

A class diagram mainly presents a set of classes and their relationships.
This kind of diagrams is the most commonly found in object-oriented
systems modelling. You use class diagrams to model the static view of a
system [10].

A class diagram in ADAM CASE v1.0 is created inside a UML project.
There are not different levels in a class diagram, as we saw in the DFD,

although package nesting is possible. There is not an explicit data dictionary,
but in the generated documentation all the information related to the classes
and their relationships is included.

The normal process to create a class diagram could be the next one:
1. Class creation, selecting its icon from the component tool bar.
2. Establishing its characteristics (attributes and methods).
3. Establishing the relationships among classes.
4. Refinement of the previous elements.
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The user interface consists of the same components presented when
DFDs were explained, i.e., there is a navigator, where everything about the
project is collected; a component tool bar, with one icon for each main
component in a UML class diagram; and a working area, where the diagrams
are edited. These elements are shown in Figure 5.

Once the class diagram has been created, it is possible to automatically
generate a technical report with the static view documentation in HTML
format. As with the DFD, the user can select the elements that are going to
be integrated in the final document.

4. RELATED WORKS

In the Tigris project [8] a UML diagrams edition tool is being developed,
ArgoUML, under free software foundation licence.

ArgoUML is continuously under construction and it has support for more
diagrams than ADAM CASE, but it is only centred on UML, regardless the
structured methodologies and techniques.

5. CONCLUSIONS AND FUTURE WORK

In this paper ADAM CASE version 1.0 has been introduced. This tool
has both DFD and UML class diagram creation capacity, all operating under
the same user interface, thus making it easier to learn and manipulate.
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This application is being used in Software Engineering and Object-
Oriented Programming courses in the technical studies of Computer Science
at the University of Salamanca in the academic year 2000-2001.

The most outstanding facilities in this first version, beyond offering both
types of diagrams, are automatic data dictionary management and report
generation in HTML format.

The future steps to be done are as follows:
–  Increasing the number of supported diagrams. The most immediate ones

will be entity-relationship diagrams and use cases.
–   Porting the tool to another platforms, Linux in a first stage.
– Offering more possibilities in report generation, looking for integration

with office automation applications.
– Using XML as support and interchange format of diagrams. This

language could also be used to make a multilingual tool.
The current version of Adam CASE is available at

http://tejo.usal.es/~fgarcia/docencia/isoftware/case/adamvl.htm
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Abstract: The high levels of student failure in Programming classes suggest that
traditional teaching strategies are not adequate for most students. In this work
we present SICAS, a learning environment designed to help the student in
basic Programming learning. With SICAS the student can design, simulate,
test and compare algorithms for proposed problems. We also include a brief
discussion about some of the features that we think are important for the
success of an educational environment like SICAS.

1. INTRODUCTION

Programming learning and teaching is usually supported by traditional
methods that predominantly use static materials. This does not seem
appropriate, since programming essentially involves dynamic concepts. This
is consistent with the high levels of failure common in Programming
disciplines. Experience has shown that in an initial phase, many students
have many difficulties in understanding and applying certain abstract
programming concepts, such as control structures, in the creation of
algorithms. We believe that the high abstraction level necessary in
programming, the difficulties in problem solving techniques presented by
many students, the need for a persistent practical work, so different of the
type of study required by many other disciplines, constitute all important
factors that contribute to this problem.
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All the above difficulties originate some disorientation and lack of
interest on many students, which demands a level of individualised support
that teachers have difficulties to provide. Gomes and Mendes [1] present a
summary of different systems proposed over the years to support
Programming teaching and learning. Although the utilisation of some of
those tools has produced positive results, the truth is that none of them is
easily available or has a generalised use. So, we decided to design an
educational environment, which we called SICAS (a Portuguese acronym to
Interactive System for Algorithm Development and Simulation), with the
aim to assist the teaching and learning of basic programming skills. SICAS
does not include any expositive materials, but presents an environment that
allows the students to develop their capabilities on the basis of the
experimentation, helping them with the design, observation, analysis and
visual simulation of algorithms, making it possible for them to detect
eventual errors, correct them and learn from those activities. We believe that
such activities will improve the student’s problem solving capabilities.

2. SICAS CHARACTERISTICS

The success of a learning environment depends not only on its
functionalities and potentialities, but also on the way it interacts and
communicates with the student. During SICAS development, there was a
constant concern with interaction aspects. The idea was to avoid distracting
features, so that the students can focus on the main objective of the program.
We tried to design SICAS with the following features in mind:

– Be visually organised, in order to motivate the students’ habits of
organisation and systematisation of the tasks, avoiding dispersion and
distraction. "...a clear visual organisation is essential for an effective

– Be simple, obvious and intuitive, requiring little time to master. The
interface should be organised in order to be easy to browse [3].

– Contain only essential information, so that the students can concentrate
on fundamental tasks and not to get distracted by superfluous details or
redundant information. Smiths and Mosier [4] also consider that all the
information that the user needs, and only that information, should be
available.

– Be adaptable, in order to accommodate user preferences, as well as the
addition, removal and edition of examples, proposed exercises and their
solutions. We believe that it is desirable to give some degree of freedom
to the user, but we should consider that sometimes the existence of too

communication..." [2].
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many alternatives can devaluate the importance of the act of choosing
and cause frustration instead of satisfaction [5].

– Be powerful, giving the sensation of control to the student and
consequently provide a positive and motivating effect. However, we
think that the control should not be absolute, so that the environment can
support learning more effectively [6].

–  Have a set of alternative representations for the same problem, providing
the students with different perspectives and styles of reasoning in
algorithm development and analysis.

–    Enable the visualisation, animation and simulation of student designed
algorithms, in order to facilitate the comprehension of the underlying
concepts, favouring the understanding of this type of matters [7].

–    Be retroactive and interactive, generating appropriate feedback to the
students, supplying information and suggestions that help them to
discover, understand and correct errors that may exist in their solutions

3. SICAS DESCRIPTION

SICAS includes support to two types of activities: design/edition of
solutions (algorithms) to the problems proposed and execution/simulation  of
those solutions. In the first case, the user can construct algorithms using
visual representations, flowcharts. They can use graphical symbols that
represent the structures necessary to design the algorithm. In the second
case, the student can simulate and animate the execution of the algorithms
she/he designed, analysing in detail and at the desired pace the various
phases and entities involved.

SICAS includes a teacher mode that allows the creation and edition of a
library of suggested problems. A problem is composed by a statement that
describes it, one or more algorithms that solve it and, eventually, a solution
(defined by the teacher) with some data test sets. The idea of the existence of
several algorithms for the same problem is to provide different types of
reasoning and to support diverse forms of understanding, allowing the
student to compare them and to choose which resolution strategy presented
is more adequate for the problem. The data test sets allow the student to
easily verify if his/her algorithm really solves the problem.

In any of the working modes (student or teacher) the user can consult or
edit one of the algorithms. If the user is in the teacher mode she/he can still
open an algorithm built by a particular student. If the user is in the student
mode he/she can select one of their algorithms or one of the algorithms that
the teacher may have created for the same problem.

[8].
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The algorithm design is supported by an iconic environment where the
user can build a flowchart that represents her/his ideas. This representation
mode was chosen after a deep reflection. We decided to privilege the use of
graphical representations (flowcharts), instead of verbal specifications
(pseudo-code), not only because the results of several studies we have
analysed, but also because we believe that this form of representation is
more appealing (capturing the attention of students more), takes advantage
of the potential of the human visual system more to facilitate understanding,
and is simpler and probably less prone to errors. There are many studies that
evidence the valuable contribution of structured flowcharts relative to
pseudo-code for algorithms understanding. For example, Scanlan [9] carried
through an experience where he concluded that flowcharts:
– Take less time to understand;
– Produce less understanding errors;
– Give more confidence to the students on their understanding of the

algorithm;
– Reduce the time necessary to answer questions related to the algorithm;
– Reduce the number of times that the students need to analyse the

algorithm.

The structures the students can use when creating flowcharts in SICAS
are:
– Attribution - It sets the value of a variable with the result of one

expression.
–  Input/Output - It makes it possible to read values from the user and to

write in the output window.
– Repetition - It allows the repetitive execution of some action. Figure 1

shows a dialogue box where the student can specify the repetition
characteristics.

– Selection - It allows choosing between two sets of actions that may be
executed.
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The dialogue boxes used were designed to include only the minimum set
of information necessary to execute the corresponding programming
structure. This avoids syntax errors common in novice programmers and
makes them think more carefully about the different components of each
structure.

At any moment, the student can easily delete, modify or copy any
component. This can be done through menus, the corresponding icons in the
toolbar or using activating context menus using the right mouse button. In
order to guide the student as much as possible, the colour of the selected
component is changed to point out this fact.

The lines connecting the components are automatically inserted by the
system, avoiding inconsistencies that students might introduce in the
flowchart.

SICAS only supports the use of four data types: “Numbers”, “Strings”,
“Arrays of strings” and “Arrays of numbers”. As SICAS main objective is to
support basic Programming learning these data types seem enough. We
consider that the diversity of data types, although an important aspect of
programming languages, usually constitutes a source of increased difficulty
distracting novice Programming students from algorithm design.

The construction of expressions in SICAS uses a syntax similar to C and
JAVA syntaxes. This decision took into consideration that the environment
potential user will program, in a later stage, in one of those languages.
However, we tried to minimise syntactic details, so that the student can
concentrate completely in the main task, the creation of an algorithm to solve
a problem.
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Another important feature is the support for student defined functions.
This tries to introduce the students to the concept of modularisation from the
beginning of Programming learning. Modularisation has several advantages,
such as:
– Making the algorithm more legible and easy to understand.
– Helping to manage and solve more complex and/or bigger problems.
– Allowing the alteration of a module or function without changing the rest

of the algorithm.
– Avoiding redundancy, making the reduction of the number of

components possible.

The construction of functions is done using the above mentioned
structures and according to the rules and options previously described for
any resolution. SICAS also have a set of pre-defined functions that can be
used in the construction of expressions without the need of its declaration.
There are functions for the manipulation of numbers (example: min, sqrt,
os...) and strings (example: ascii, length, toLowerCase...). Figure 2 shows
some of the structures mentioned above used in the design of an example
algorithm.

Any algorithm created with SICAS can be automatically translated to
pseudocode, C or JAVA. These various alternatives are not related with their
importance, but are a way to show the students that a well designed
algorithm can be easily translated to several languages. So, the most
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important thing is algorithm design and not in which programming language
it will be implemented and the corresponding syntax details.

After building an algorithm to solve a problem, the student can see its
animated simulation. The student can have some control over the simulation,
namely:
–    Control over the rhythm at which the simulation progresses, going step-

by-step between instructions, with a continuous but slow execution or
with a faster uninterrupted execution.

–   Pausing the simulation, allowing a deeper analysis of available data (e.g.
the value of some variable) and/or a discussion with the teacher or other
learners.

–   The possibility to go back in the execution, so that the student can repeat
some less understood part of the execution.

During the simulation the component in execution is highlighted with a
different colour, so that the student can easily locate what is happening.
Figure 3 shows an aspect of SICAS during an algorithm simulation.

If the teacher has given a set of test data (inputs and corresponding
expected outputs of the algorithm) for the problem being solved, the student
can also test her/his own algorithm with the same data, hence validating (or
not validating) it. This is particularly useful if the teacher specifies special
cases in the input data (e.g. invalid data or data that will likely produce error
situations), since many students tend to get satisfied if their solutions work
for an average case in the possible input data, without caring to see if it still
works in other cases.
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4. CONCLUSION

SICAS is an educational environment that intends to help students to
understand and master the utilisation of basic programming structures. The
student can design algorithms that solve programming problems possibly
proposed by a teacher. The system uses an interactive graphical interface,
where the basic programming structures are represented through standard
symbols.

This environment can be used by students individually or in group, in
classes or in self study. This can allow weaker students, often with
difficulties to cope with the class pace, to improve their programming
knowledge and experience.

The first prototype version of SICAS is currently being evaluated by a
group of experienced Programming teachers and also with small groups of
students. We hope that a good number of improvement suggestions will
result from this work. A revised version will be produced and a larger scale
evaluation will be realised in the near future.
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Abstract: This is a set of tools to be used with teaching purposes in a robotic
environment. A first tool is a graphic simulator of an educational robot, the
MA 2000 by Tecquipment, which allows the display of both the robotic arm
and the obstacles present in its environment. These can be built from within
the simulator in a simple way, by means of a series of primitives that can be
used to produce a realistic-looking work environment. It is also possible to
program sequences of arm movements by means of a keypad, which is
analogous to the one used in the actual robot. The sequences thus produced
may be executed directly by the robot.
A second tool has been developed in order to offer a better flexibility; it was
our purpose to make it available in just about any computing environment. It
allows the student to build and simulate the behaviour of complex robots
within a fully configurable working environment. Robots are built simply;
there is full freedom concerning the number and type of articulations, and also
about the shape of the elements of which they consist of. Furthermore, we
have included the possibility of generating sequences of movements. Both the
pieces of the robots and the obstacles in their environment are built by means
of VRML files, which makes it possible to produce very realistic-looking
robots and environments.

1. INTRODUCTION

The advantages of computer simulation are well known; this is especially
true when using costly equipment, which is complex to use and possibly
dangerous in execution. Low-cost training and operational safety are
probably the most important benefits of computer simulation. As far as the
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teaching of robotics is concerned, these techniques are especially interesting
since they offer the student a risk-free training [1, 2, 3, 4].

This paper describes two simulation tools for robotic environments,
which we use within a postgraduate course, “Sistemas avanzados de la
producción”, which belongs to the Doctoral Program of the Departamento de
Informática y Automática at the University of Salamanca. This course
introduces the student to, among other subjects, two of the main aspects of
robotic manipulation: the movement and programming of a robot.

In order to get a clear vision of the practical aspects involved, it is
essential for the student to be able to work directly with real robots.
However, the high costs of acquisition and maintenance of robots preclude
this approach. In most cases, industrial robots are abandoned in favour of
teaching robots: such is the case of our department, since teaching robots are
cheaper to acquire and to maintain. This, of course, means a reduction in
their functional and programming characteristics. Unfortunately, this does
not mean one can leave this kind of robots in the hands of inexperienced
students, since it would give rise to many problems and risk situations (both
personal and material) of the kinds one can find in a robotics lab.

A clear alternative, as mentioned before, is to have the student trained
previously by means of software simulation, in such a way that he or she can
become used to the robot, its behaviour, its possible movements and its
programming. A graphic simulator should be as accurate as possible in its
movements and programming, since this will let the student practice with
sequences of movements before trying them out on the real robot. Thus, we
can be sure that no dangerous situations can arise, such as collisions of the
robot with its environment. Hence, the first tool we introduce, Simurob: it
allows us to simulate the movements and programming of an educational
robot of the PUMA type, the MA 2000 by Tecquipment [5]. Our simulated
environment accurately reproduces both the robot and the way it is
programmed.

However, in an advanced course (such as ours) it is very important to let
our students practise with different kinds of robots: this will give them a
better knowledge of the various and complex robotic structures they will find
in industrial environments [6]. There is yet on more aspect we must take into
account: the possibility of both studying and designing specific robots for
various tasks in complex environments.

Since we cannot possibly have multiple robotic structures (with various
degrees of freedom, different kinds of articulations, etc.) and we do not own
a sufficient number of pieces of tools to build our own robots, the only way
we can deal with this sort of student practice is using simulation. Thus, we
introduce a second tool, JRF (Java Robot Factory), which allows us to create
just about any kind of robotic structure, as well as to execute movements and
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programme this structure. This is done by means of a fully generic interface,
without discarding the possible use of configurable environments.

This paper consists of two parts, which describe these tools. First of all,
we shall describe Simurob, describing the most relevant aspects of its
functionality. Afterwards, we shall describe JRF and we will finally offer our
conclusions.

2. SIMUROB

The main purpose of this simulator is to accurately display the behaviour
of the real robot (MA 2000) both in its movements and in aspects related to
programming its sequences. The sequences we build by means of the
simulator can be directly loaded and executed by the robot’s software. This
lets the student become acquainted with the robot before actually working
with it.

The functionality offered by the simulator is as follows:
– It displays a graphic simulation of the robot within its working

environment.
– It creates sequences of movements that can be saved as files and then

loaded and executed by the real robot.
– It creates working spaces that may be saved for later simulations.
–    It shows various numeric values, which can be of use both for the

simulation itself and for the user to better understand what he or she is
simulating.
The simulator was built for the SGI Indy platform, leveraging the graphic

potential offered by these machines. To be precise, we have used the
OpenGL library [7] for scene creation, and the IrisViewkit class library for
the user interface, in order to make it as intuitive as possible. Of course,
these tools reduce portability to other platforms, but the performance
obtained compensates for this inconvenience. Our students boot the
simulator on an SGI Origin server and the display is done on any MS
Windows platform by means of an X server which supports OpenGL, such
as Exceed 3D.

2.1 General aspects

Figure 1 shows the application while in execution. The following main
elements can be distinguished:
– A main window, where scenes are displayed. It shows a menu that lets us

access the full functionality of the simulator.
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– The Keypad, a dialogue box that allows us to control the movements of
the articulations as well as programming sequences.

– The TCP (Tool Central Point), which shows the position of the centre of
the wrist in XYZ co-ordinates. These are relative to the size of the real
robot, which lets the student have a better idea of the wrist’s real
position.

– Output Channels, which shows the state of the robot’s four output
channels. These are used for synchronisation purposes with other
elements of the working environment.

The main window allows us to access the full functionality of the
simulator through menu options; it is also in charge of showing the scenes
and the simulation of movements of a robot that is thoroughly similar to the
MA 2000.

2.2 Sequence programming and execution

The File (“Archivo”) menu allows us to access all of the options related
with the creation of sequences; it also allows us to create sequences, to load
an existing sequence and to save the active sequence to a file.

Sequence structure is fully analogous with the one used by MA2000's
control software; however, this is hidden from the user, leaving him or her
free to indicate the movements that must be executed by the robot. When a
new sequence is created, the Keypad appears automatically, thus allowing us
to control the robot's movements. From the Keypad, one can configure each
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step, by specifying different values related to the various articulations,
movement speeds and, in the case of a control step, it is possible to configure
the parameters by means of a button-controlled dialogue box.

Once we have the desired sequence, we can launch the simulation of the
associated movements. Hence the user can check the robot's movements in
order to see whether they are executed as expected, with no collisions.
Execution may be stopped at any time. During execution, the Keypad will
show the articulation values and the status of the actuator for the step being
executed.

2.3 Creation of work spaces

About the work space, the user can create, save and open different
environments, which will consist of simple geometric figures such as
quadrangular prisms, spheres, cones, etc.

When creating a environment, it is possible to generate realistic-looking
scenes by putting in place several of these geometric figures. Once the figure
to be placed has been selected, one can change its size about the three
possible axes. There are three further scrolling bars that allow us to place the
object in its proper position within the environment.

3. JRF (JAVA ROBOT FACTORY)

As stated above, this simulator makes it possible both to create robotic
structures and to program sequences of movements for them. This allows the
student to work (albeit in simulation mode) with robots as complex as the
ones that he or she will find in industrial environments. In this way, the
student may perform the cinematic study of various robotic structures. In the
same way, it is possible to find the most advantageous robot configurations,
depending on the working environment and on the task to be carried out.

The functionality offered by the simulator may be summarised as
follows:
–    It offers a tool for the design and generation of robots.
– It offers a graphic simulation of the robots and of the working

environment within which they will move.
– It creates and executes sequences of movements that may be saved on file

for further reference.
The simulator has been developed on a PC-compatible machine, and runs

both on Windows and on Linux. Java has been used as the programming
language, given its ability to run on multiple platforms. We have used the
API Java3D API [8] for the 3D graphics that comprise the robot and its
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working environment. Students can execute the simulator on a PC-
compatible machine running Windows with OpenGL support.

3.1 General aspects

This application can be executed in two well-differentiated modes; it is
possible to change modes when it is running. The execution modes are as
follows:
–  Robot creation: The main window offers the tools needed for the design

of various structures.
–  Display of the robot and its motion: The main window runs in simulation

mode, thus allowing both a direct interaction with the robot and the
generation and execution of sequences.

There are several additional elements needed for the various tasks:
–  A movement control panel, which allows us to produce the movements of

the articulations.
–  The programming environment, a dialogue box that makes it possible to

generate complex movement sequences by using a set of simple steps.
–  Input/Output channels, which show the status of the robot's interface.

They are used for synchronisation purposes with other elements within
the working environment.

3.2 Robot creation mode

One to this application's most important features, and one that offers
great versatility, is its Design Environment. This environment is the one used
to create a customised robotic structure.

As shown in Figure 2, the window consists of three basic areas. The one
on the left contains a directory tree for the robot structure; the upper right
zone is used to configure part parameters and on the lower right, we find two
windows for displaying 3D objects.
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Hence, in order to create a robot it suffices to create a tree structure that
describes the placement of the various elements it consists of. Afterwards,
each part must be assigned its corresponding configuration values: these will
include the name to be used when referring to the part, its position relative to
the previous-level part, the type of articulation, etc. One of the more
interesting parameters is the one that specifies a "Part file", which is a
VRML [9] that describes the geometric shape of the part and its texture.

In this way, by having access to a wide library of geometric shapes, one
can build almost any type of articulated robotic structure, no matter how
complex. It must be taken into account that VRML is a standard for 3D
presentations, which makes it possible to easily create any library that one
may need.

Once we have designed the robot we shall work with, it can be saved for
later use.
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3.3 Simulation Mode

When in this mode, the main window looks like Figure 3. The options in
File menu (“Archivo”) make it possible to open both the previously-
generated robots and the working environment described in a VRML file.

Interaction with the robot is also possible in this mode, both by moving
any of its parts through the Keypad and by executing a sequence of
movements.

The sequence editor further allows us to generate sequences as a set of
steps, in a way that is fully analogous to Simurob's. Steps can be of two
types:
–  Movement: for configuring the target position, speed, waiting time and

continuation condition.
–  Conditional branch: Depending on input values, the next step will be

taken or the robot will branch to another step within the sequence.
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4. CONCLUSIONS

This paper introduces two software tools that may be used for robotics
teaching. They make use of advanced graphics environments for the
simulation both of robots and of their working environments. The student
can achieve a reasonable degree of understanding in different aspects of
robotics: robot programming, cinematic calculations, obstacle avoidance,
etc.

The first tool, Simurob, lets the student work with a very accurate
simulation of an educational robot, the MA2000. The tool allows
reproduction of working environments.

A second tool, JRF, lets the student experiment with a wide range of
robotic structures; it is possible to build fully customised robots. The tools
offer the possibility of navigating within the working space in order to
achieve any point of view.

In conclusion, this set of tools are of special interest since they
complement each other and may provide a safe and intuitive platform for the
teaching of different aspects of robotics.
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Abstract:          This article describes the structure and working of an interactive multimedia
environment for the training on two of the speech suprasegmental parameters
(loudness and rhythm) for its application in many types of speech disorders
and cognitive-linguistic pathologies. The environment allows the tutor to
configure and personalise the exercises to treat specific cases or to let the
proper environment propose the exercises following various configured
parameters and, after that, analyse the results obtained by the clients.

1. INTRODUCTION

Collares Ortofónicos is a computer application aimed at the logopedic
treatment of children with perception troubles of rhythm, loudness or both
parameters in the processing of the acoustic signal related with speech [1],
that is, the bases or the articulated sound. Among its possible users, we could
mention those people affected with profound deafness and other people with
a deficit in the space-time processing of the articulated sounds of speech,
rhythm, sequence of figures and sounds, simultaneous versus successive
processing [2,3], attention deficits, among other impairments [4].

The clinicians and language therapists, in their task with hearing
impaired children, must get these children to distinguish the speech
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suprasegmental parameters, that is, sound, loudness, voicing onset, duration,
prosody, rhythm and pause. These parameters have been usually learned by
hearing impaired children with imitation and lip-reading imitation, or with
discrimination strategies based on selection techniques of frequency bands
and hearing stimulation [5]. “Collares Ortofónicos” pretends that children
could have an entertaining autocorrection, mainly when the computer output
is connected with the SUVAG amplifier (Sistema Universal Verbal Auditivo
Guberina) and the deaf people can perceive their emissions both by lip-
reading and by vibrotactic perception, with the vivag-suvag vibrators, and
the headphones adapted for the stimulation of their hearing rests.

The idea of associating a colour to each sound and the characteristics of
various geometric figures to various articulated sound properties, that is: the
size to indicate intensity and the shape to indicate the duration, have allowed
us to work, with success, with babies and children younger than three years,
some basic linguistic aspects. It is well known that babies and children have
an exceptional predisposition to acquire linguistic aspects of great
complexity [6, 7, 8, 9]. This process used to be done with a box or a bag with
various shapes, sizes and colour figures. The methodology is to prepare a
physical element (sphere or cylinder), to articulate the corresponding sound
and to present it in a fast way during 1 second more or less, so the child
could associate it with the hearing stimulus. In this way, figures are shown in
contrast position or phonological opposition so that the child can extract,
unconsciously, the phonetic characteristics of the different speech sounds.
After the presentation phase, that is, to attract the child’s attention, we have
the imitation phase and finally the minimum pair discrimination phase.

“Collares Ortofónicos” follows, essentially, the design on which we have
been working with manageable materials. They are sequences of figures
associated with phonetic characteristics, based on phonological oppositions,
joined with a little imaginary rope to impose an established order in the
execution of the exercise. The sequence will follow the left-right and up-
down order to create an automatism that will facilitate the learning of the
reading process. The result of each screen is a ring, and each figure is a piece
of the ring, that represents two or three parameters of speech sounds (MOC
[10], for material, task and procedure revision).

“Collares ortofónicos” is going to join the list of commercial applications
that have been developed to reinforce, rehabilitate, and study the speaking
perception and production as psycholinguistic processes. Among these
applications we can emphasise its use among the special education teachers
and language therapists: (SpeechViewer-III of IBM [11] and the VISHA
system [12].
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2. SYSTEM DESCRIPTION

The application, from an organisational point of view, has two modules
or scenarios, one of them is oriented towards the teacher and the other
towards the pupil, both integrated in the same program. The teacher module
function is to facilitate the creation and checking of the exercises that are
going to be proposed to the student. On the other hand, the pupil’s module is
oriented towards the making of exercises and towards the calculation of
success and error statistics.

The application, using only vowel sounds, follows a preestablished
sequence for the phonological training: each pupil must do 27 predetermined
exercises, where the five Spanish phonologic vowel oppositions are treated:
1) open-close, 2) loud-soft, 3) long-short, 4) front-back and 5) round-
enlarged. These exercises are proposed automatically and progressively by
the system. When the pupil has finished these exercises, he/she could do
other exercises developed by the teacher for specific purposes. The system
can generate exercises automatically following various preconfigured
parameters selected by the teacher. In this way, the program can adapt itself
to the concrete needs of each pupil. To make the decision of what generation
parameters are going to be selected, the teacher will base himself/herself on
the progress statistics and reports generated by the system.

3. TYPES OF EXERCISES

3.1 Understanding exercises

They are composed of a sequence of figures with a phonetic meaning,
that is, they represent phonetic characteristics of sounds. The pupil must read
or articulate the figures to do the exercise. These exercises are named this
way because the pupil has to understand and learn the phonetic meaning of
the figure accurately.

– Colour – Vocalic phonemes (each vowel is associated to a colour)
– Blue – /a/
–    Green       – /e/
– Yellow – /i/
– Red – /o/
– Black             – /u/

– Shape             – Sound duration
–   Sphere            – Short
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– Size           – Sound intensity
– Big – Strong
–    Small       – Weak

A sequence of figures is presented on the screen to the pupil, where the
characteristics and meanings are shown beforehand, and he/she has to
pronounce the phoneme that corresponds to each of the figures, into a
microphone.

The pupil will have to pronounce the sound corresponding to the current
figure, which is the one that has an arrow inside (figure 1).

While the exercise is being done, there will be two indicators, one of
them on the left and the other at the bottom of the screen. They are the
intensity and duration indicators, respectively, of the sound pronounced by
the pupil.

If the sound of the figure is pronounced correctly, a little smiley face will
appear in the position of the arrow, a success sound will be heard (positive
reinforcement), and the exercise will continue to use the next figure. If the
pronounced sound is not the correct one, a little sad face and a failure sound
will be heard (negative reinforcement), so the pupil will have to repeat the
pronunciation of the figure.
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When the last figure of the exercise is correctly pronounced, a
congratulation sound will be heard and a dancing cookie will appear as a
positive reinforcement.

3.2 Composition exercises

They are a series of letters (vowels) followed by the corresponding
sound, and the pupil must choose the corresponding figure (as in the
understanding exercises).
– The letters are the five Spanish vowels (a, e, i, o, u).
– Size of the letters – Intensity

–  Capital letter         – Strong.
–  Small letter                    – Weak.

– Shadow                   – Duration
–  Vowel with shadow  – Long.
–  Vowel without shadow – Short.

The pupil will have to propose the corresponding figure to the letter to
answer. Before that, the corresponding sound of the current letter will be
heard.

This kind of exercise tries to help the hearing impaired child hear the
sound produced by the computer connected to the S.U.V.A.G. The suvag is a
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system for the amplification and modification of the speaking signals. It has
a vibrotactil and auditive output that allows the hearing impaired person to
perceive the stimulations, whatever their age and evolutionary or linguistic
development.

While the exercise is being done (figure 2), the figure to answer will be
indicated by an arrow that will be on top of the figure. The size, shape and
colour parameters must be changed to adjust them to the characteristics of
the figure that the pupil wants to answer.

When the figure has the desired characteristics, the pupil can answer by
clicking the answering button.

3.3 Onomatopoeia

They are pre-programmed comprehension exercises that need the
articulation of the onomatopoeia of an animal, object or action sound. The
onomatopoeias are short speaking segments, normally with an accepted
phonological syllable. These phonologic segments have a meaning that the
child extracts by associating the images with the corresponding
onomatopoeias. The onomatopoeias are the second phase in the logopedic
rehabilitation.

The way these exercises are done is the same as the one with the
comprehension exercises, except that at the end of the exercise a
representative image of the onomatopoeia will appear.
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4. FUNCTIONALITIES

One of the main characteristics of the application is to generate exercises
automatically. This automatic generation can be configured by the teacher to
adapt them to the learning needs of the child. There are options that allow
configuring these characteristics, as you can see in figure 3, for the
comprehension exercises. You can also save personalised configurations, so
that you can have configuration templates. In this way, you can use them
without having to configure them again.

The pupils’ personal data are introduced in the system with a simple form
that allows navigating through the files. This allows the identification of the
pupils in the system.
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The system stores personalised statistics for each pupil, in order to allow
the teacher to analyse them and make decisions about the exercises that the
child will have to do. In this way, the teacher must focus on those aspects
that have not obtained the adequate development of the concrete parameter
studied, within the preestablished parameters.

The pupil’s statistics are shown in figure 4, where:
– Figuras: Number of elements of the exercise answered correctly.
– Intentos: Number of intents needed to answer the elements indicated

before.
– Fallos de intensidad: Number of failures in the intensity of the sound

to pronounce.
– Fallos de duración: Number of failures of the sound duration.
– Fallo de sonido: Number of wrong sounds pronounced by the pupil.
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This statistics is stored in files, so that the teacher can control the pupil’s
evolution. The teacher can add a little comment to the statistics about the
pupil’s state, evolution, etc... (figure 5).

The final presentation of the exercises on the pupil’s screen is highly
configurable. Most of the procedures can be configured.

5. CONCLUSIONS

Collares Ortofónicos is, firstly, a multimedia environment for the
development of the suprasegmental parameters of speaking, concretely for
the intensity and duration or time. The user-friendly aspects, the presentation
and the visual and hearing reinforcements have been taken into account. The
application has the friendly accessibility characteristics needed to apply to
children. It is also an environment with a wide set of applications, it depends
on the psycholinguistic or altered cognitive processes, that is, onset
phonemes per second. Onset voicing (VOT voice onset time), from left to
right eyes movement, pattern learning and discrimination, successive and
simultaneous processing, etc. The teacher imposes the application usage
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restrictions, since it has wide-open possibilities for imagination and
creativity.

Among the possible improvements of the actual state of the application,
we can propose adding more phonetic capabilities, and not only vocal
phonemes; to add syllable capabilities or even whole words.

As a possible development, we could think of substituting the teacher
with an intelligent tutor directed by the computer. In this way, the virtual
tutor will propose the exercises depending on the pupil’s statistics and
evolutions for the correct development of the cognitive and linguistic
aspects.
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Abstract: We present eXercita,  a system designed to archive and publish programming
exercises. It consists of a repository of structured documents, each one
describing a complete exercise (problem statement, solution, history,
examples...), and several tools to manage it. Documents are written in the
eXercita language, which is an extension of the documental language LaTeX.
Programming exercises can be catalogued and searched according to several
criteria of interest to the user. Besides, they can be automatically published as
PostScript files or Web pages. EXercita can be used by a teacher to elaborate
a set of problems for his/her course or by a student for self-evaluation. In a
first phase, we have loaded the database with exercises of a first course of
programming.

1. INTRODUCTION

This work is an answer to a need perceived by the authors, who have
been teaching programming during the last few years, preparing and
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updating attractive and original exercises (examples, problems, assignments,
exams, etc.). Most of these materials can be reused by other teachers, so we
needed some practical way to share these resources using information and
communication technologies [1].

Benefits of such reusability are remarkable. Teachers can make use of
other teachers’ experience and materials, which are usually high-quality
exercises. Besides, the teacher, has more time, either to design new exercises
or to work in other tasks. If the repository is available to the students, they
have the stimulus of studying with a collection of original, attractive, wide-
ranged, and high-quality material.

The simplest solution was to develop a repository with the documents
generated by each teacher. However, this solution is too rigid, because a
myriad of different circumstances can recommend changing them slightly.
For instance, the exercises can be designed for different purposes (exams,
examples for lectures, etc.), they can be used for different courses, the
teachers have different preferences in presentation, they might want to
deliver different parts to the students (e.g. whether to include hints or a
solution), etc. Thus, a more flexible organisation of this material, capable of
coping with different uses, was desirable.

We have structured every exercise so that it is composed of different and
clearly established pieces that are marked-up to be processed flexibly and
automatically. Based on this philosophy, we designed a mark-up language
(called eXercita) to write exercise documents. We built a database of
exercises, and developed several tools to handle the database, to process
documents, and to convert them into printable files and Web pages.

The paper is organised as follows. In the second section, we describe the
main requirements for the design of eXercita. Sections 3 and 4 respectively
describe the tools that constitute the eXercita system and the main features of
the eXercita language. Finally, sections 5 and 6 contain a brief discussion,
including related work, and our conclusions and future work.

2. REQUIREMENTS FOR EXERCITA

The main requirements that guided our design decisions for eXercita can
be summarised as:
– The user should be able to retrieve exercises in two formats: the source

document as a text file or the electronic document in a high-quality
format. These choices were made concrete as LaTeX documents for the
first requirement and PostScript files and Web pages for the second one.
The first choice was adopted seeking flexible handling and maintenance
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of documents. The second choice was adopted seeking practical use and
wide dissemination of exercises.

– The teacher should be able to select exercises according to several
criteria by providing the corresponding keywords, such as subject or
concepts involved.

– The teacher should be able to control the level of difficulty and length of
the exercises. A given exercise can be configured according to the
expected difficulty; for instance, a varying number of sections may be
included and may contain hints to solve it. Depending on the choice
made, both the extension and the difficulty vary.

– The teacher should be able to establish a context for the exercises. For
instance, programming exercises that use certain data structures can be
used in different environments: combinatorics, matrix algebra, games,
etc.

– The students should be able to select solved exercises for self-evaluation.
This way, their can solve the exercise and check their solution against the
solution proposed in the exercise.

– The student should be able to use cross references among exercises to
practise with a family of exercises. Cross references can point to other
exercises where a similar question is asked.

– The student should be able to say whether she wants to make visible
useful information about the exercise (hints, bibliography, examples,
etc.). This function allows the student to face an exercise with different
levels of knowledge about involved concepts.
Based on these requirements, we have developed the tools we describe

below.

3. TOOLS IN EXERCITA

There are two kind of tools developed for eXercita: the database of
source documents and the conversion tools to convert the documents into an
electronic publication.

3.1 The database

The database can be updated and queried by a user. Since we expect a
large number of problems in our database, it is necessary to provide several
cataloguing criteria. Our first idea was cataloguing the database with respect
to the schedule of a course, e.g. a first programming course. Therefore, we
would find first the exercises about assignment instructions, then those about
conditionals, then about iterations and so on. The problem about cataloguing
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exercises with this criterion is that it restricts the database to a preconceived
idea of a programming course, i.e., it is not a general purpose database. As a
conclusion, we need cataloguing criteria independent from a particular
course structure.

The cataloguing criteria we have finally included are:
– The subject of the exercise. A problem about calculating the factorial of

a number will be catalogued in mathematics/combinatorial.
– The difficulty and the length of the exercise. These two criteria are often

different. A particular exercise could be very difficult, but it could be
solved in a few lines. Or the reciprocal, it could be very easy but
requiring several pages.

– The  kind of the exercise. The exercise can be a laboratory assignment, a
class example, an exercise or an exam.

– The  part of a programming course where the exercise is considered; for
example, in iterations or subprograms.
Queries will give as a result one or several exercises. This output can be

obtained in two different formats:
– A paper-printable file. The eXercita language is a metalanguage over

LaTeX, so that, once the exercises are translated into LaTeX, the output
can be a high quality written document.

– An electronic publication. The selected exercises are processed in order
to obtain the proper input for the LaTeX2HTML [2, 3] translator.
Therefore, the output is an HTML document. We describe here the two
tools that we have developed to transform exercises into a readable
medium, either a printable document or a Web page.

3.2 Conversion tools

EXercita provides several tools to produce documents. Fig. 1 illustrates
them graphically, where exercita.sty is a package (written in TEX) that
allows embedding eXercita in LaTeX and, therefore, generating PostScript
code, whereas ej2HTML translates eXercita into HTML. The eXercita
manual explains the use of these tools in full detail. We explain both modes
of publication in a more detailed way.
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3.2.1 Publishing exercises with LaTeX

The most common use of eXercita is generating a paper document, i.e., a
file in a printing format, such as PostScript. We could have built a compiler
to transform eXercita code into LaTeX code, so that a printed document
could be obtained in a second phase. A better alternative consists in building
a set of LaTeX packages that translate directly text written in eXercita into
such a format. In this way, we avoid having to process in two or more steps
and we gain in portability, since TeX is universal for any computer.

The processing of eXercita with LaTeX is divided into two levels:
– At the lower level we can find an analysis engine for eXercita marks.

Although such an engine analyses blindly this marks, it can be
configured, indicating what marks must be detected and their
corresponding handling. This level can be configured at a low effort, but
it requires certain knowledge of LaTeX. This level will be modified only
in limited situations.

– The upper level can contain different classes of packages and classes
(styles). Currently, we have only developed a class (uniexer) that
includes parameters that allow configuring it for very different purposes.

– Fig. 2 shows a page printed from a PostScript file generated by eXercita.

3.2.2 Publishing exercises on the Web

The target language for publishing in the net is HTML. We also use
JavaScript to make presentations more comfortable, active and
communicative. The final appearance can be easily modified thanks to style
sheets.
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The particular tool used to generate a Web document from a collection of
exercises is ej2HTML, which basically consists in the sequential
composition of ej2TeX and the well-known LaTeX2HTML.

The structure of the generated HTML file is based on encapsulating
information in layers that can be handled with the JavaScript language and
allows presenting the description of exercises in a practical and dynamic
way, showing the less relevant information only when the user requires it.
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The appearance of the generated document keeps the quality of LaTeX,
including images of mathematical formulas, figures, etc.

We have also provided several improvements for browsing over a plain
Web page. The same window shows the index of exercises generated by
ej2TeX in order to facilitate navigation. In addition, several parts of the
exercise can be shown on demand, in which case a new window is opened.
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4. THE EXERCITA’S MARK-UP LANGUAGE

The eXercita language is a mark-up language designed to represent, store
and manage exercises in a database. EXercita is just a layer over LaTeX that
is oriented to a specific domain, programming exercises. Any exercise will
be written with LaTeX and marked-up with eXercita.

The full description of eXercita language is beyond the space limits of
this paper. Thus, we simply give a broad classification of the marks in order
to give an idea of its expressive power:
– Customisation parameters. The teacher can specify date (with different

formats), subject, course, group, academic year, institute, etc.
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– Parts of the exercise. We can declare title, purpose, abstract, text,
prologue, enunciation, section, solution, hint, example, epilogue, history,
bibliography, etc.

– Other marks. They allow including logos, parameters, cross references
to other exercises, conditional processes, etc.

– Requirements. They deal with dependencies among exercises, LaTeX
styles and packages, etc.

– Cataloguing. Index keys are concepts involved, estimated difficulty
level, size, etc.
Notice also that all the categories are general enough to be used for any

subject matter. Our orientation to programming exercises is only constrained
by including several specific cataloguing marks like programming paradigm,
target programming language or data structures involved.

Fig. 4 gives a glimpse of the work with eXercita. The left window in the
figure shows a part of the first exercise contained in Figs. 2 and 3, as written
in the eXercita language. The right window shows a template automatically
generated by Emacs in eXercita mode to edit exercises.

A full description of the eXercita language can be found in the user’s
manual [4].

5. Discussion and Related Work

There are alternatives to LaTeX for the mark-up of exercises, being the
best alternatives, in our opinion, HTML and XML. The rest of the languages
(PDF, RTF) either are not readable, or are only oriented to the automatic
generation and treatment of documents, or do not allow managing the
structure of documents, but only their presentation. We have chosen LaTeX
instead of HTML because the former is more concise, it is more usually
generated by hand, it is oriented to produce high quality printed documents,
there are good LaTeX-to-HTML translators, and we have a large experience
using LaTeX. XML is also a good alternative that we plan to consider in the
future.

There is not much work related to eXercita. In 1997, Deborah Knox
proposed the development by ACM SIGCSE of a repository of computer
science laboratories [5, 6]. They should be high-quality laboratory materials
to be shared by the community of CS educators. A first prototype included a
database of labs information (included links to full materials) accessed by
means of the Web, and related facilities for lab submission, searching by
keyword or topic, and an annotation capability for each lab. Currently, The
Lab Repository is one of the technical sections of the SIGCSE Bulletin. In its
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current state [6], it is peer reviewed to ensure high quality and there are five
labs available.

Another effort by ACM SIGCSE to share teaching resources on the Web
is Computer Science Education Links [7]. It is a Web page maintained by
Renée McCauley with links to different kinds of materials to teach computer
science. It is structured by categories (currently, there are 16 categories with
a total of 119 links). There is also a technical section in the SIGCSE Bulletin
for this effort. Similar resources for teaching object-oriented programming in
the first course can be found at [8].

The system most similar to eXercita is SAIL [9]. It is also based on
LaTeX and a database of exercises. However, the emphasis and its main
features are quite different. It allows generating different instances of the
same problem in order to encourage cooperation among students without
fear of plagiarism. SAIL also provides support for grading. However, it
provides a much less comprehensive support and structuring for exercises.
Therefore, its searching and publishing capabilities are more restrictive,
since it simply provides a facility for searching based on text matching.

6. CONCLUSIONS AND FUTURE WORK

We have designed eXercita, a very expressive mark-up language that
allows creating databases of exercises as well as their recovery by several
users. We have also developed tools to convert exercises from the database
into a PostScript file or into an HTML page.

Using eXercita requires a previous effort consisting in annotating
exercises with marks, especially cataloguing marks. Although it may seem
that cataloguing an exercise requires a great effort, it is a task that a teacher
does implicitly when thinking of a problem for a given topic or when
seeking one in a bibliographical search. Ideally, this effort will be made
once, fostering reuse and improving the teacher’s performance. We are
currently collecting programming exercises and annotating them with the
eXercita language; some of them are accessible at [10].

Another aspect we want to remark is the ease of extension of the database
and associated tools to any discipline requiring practice with exercises for
learning. We are loading the database with exercises from a first course on
programming since it is a subject where all the authors have experience.
However, representing and storing exercises for another course would
require an adaptation effort consisting of:
– Identify parameters associated to the subject matter.
– Design cataloguing marks.



EXercita 197

In the future, we plan to complete and improve the interface with the
database. We also plan to make public our database to teachers and students
of computer programming, within our universities and also in others. In
addition, we must establish some criteria in order to use it adequately. We
also expect that feedback from users will help us in fine-tuning such criteria.
Finally, we are considering using eXercita for other subject matters, such as
Mathematics or Physics.
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Abstract: This paper describes the construction of virtual reality simulations for distance
education through the Internet. This is accomplished by means of an object
oriented continuous simulation language, called OOCSMP, and a Java
generating compiler for this language called C-OOL. This compiler is also able
to create VRML worlds. The behaviour of the VRML world is specified in the
OOCSMP models. Change of simulation parameters is possible at run time by
means of a Java interface, generated by the compiler. An example of the
simulation of the inner Solar System is presented.

1. INTRODUCTION

The growing popularity of the Internet, and the increasing number of
computers connected to it, makes it an ideal framework for distant education.
Not only educational sciences, but also a large number of disciplines are re-
thinking their traditional philosophies and techniques to adapt to the new
technologies [1]. One of these disciplines is computer simulation.

Virtual Reality (VR) techniques offer immersive environments in which
the user has great possibilities of interaction. The emergence of the Virtual
Reality Modelling Language VRML [2] and browser plug-ins for this
language [3] has made it possible to build virtual worlds accessible through
the Internet. The VRML97 [4] standard defines an external API that allows
us to control VRML objects from a Java applet.
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Its advantages, such as new possibilities of interaction and more realistic
and pleasant learning environments, are turning VR into a valuable tool in
distance education [5,6].

In this paper, we present some improvements to the tools that we use to
automatically generate web courses based on simulation [7]. These
enhancements include the possibility of incorporating VR panels to the
simulation applets. An example with the simulation of the Inner Solar
System is presented.

2. OUR SIMULATION TOOLS

The OOCSMP continuous simulation language was conceived in 1997
[8] as an object oriented language. The language is specially suited when the
system can be modelled with similar interacting objects. A compiler (C-
OOL) was built for this language in order to produce C++ code or Java
applets with the simulation models. This approach simplifies the generation
of simulation based web courses. Several web courses have been generated
using this language: courses on gravitation, partial differential equations,
ecology and basic electronics. These can be accessed at:

http://www.ii.uam.es/~jlara/investigacion

The language and the compiler have been designed with an educational
focus, for example:

–  It is possible to include several forms of output displays in the same
simulation.

–  Multimedia elements can be synchronised with the simulation execution.
– The user interface allows changing parameters, object attributes or even

adding or deleting objects during the simulation execution.
– Alternative simulations can be designed and can be accessed from the

main simulation. In this way, the teacher can identify interesting
situations that arise when changing some parameter, or when adding
some object, etc.

–  There are also instructions that allow us to describe the appearance of the
web page where the simulation models are going to be placed.
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3. EXTENDING THE LANGUAGE TO HANDLE VR

In OOCSMP, there is the possibility of associating an icon to each object
taking part in the simulation. This icon can be used in all the output forms.
The VR extensions allow us to assign also a VRML node to each object, by
means of the new attribute type VRMLobject.

A new instruction (VRMLworld )  , to include OOCSMP objects
(considered as dynamic components of the Virtual World) in a virtual world,
has also been added. This instruction also configures the virtual world with
static elements.

For example, suppose we want to simulate the behaviour of the inner
solar system [9]. To model it, we will encapsulate the behaviour of a planet
in a class, and declare an object associated with each planet of the solar
system. The class has an attribute to assign a VRML object to the planet. A
scheme of the OOCSMP Planet class is shown in listing 1.

The previous OOCSMP class defines some blocks (DYNAMIC  and
ACTION ) to simulate the behaviour of a particular planet, whose full listing
can be found at [7]. It also declares a termination condition (FINISH) , and
inserts all the objects of the Planet class in the virtual world (VRMLworld ),
where they will be the dynamic elements. The three parameters (X, Y, Z)
control the position of the object inside the virtual world.

Listing 2 shows the remainder of the OOCSMP model, which uses the
Planet class to generate a model of the inner Solar System.
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Line 17 adds the sun (a static element) to the VRML world. When
declaring each planet, we have to specify the VRML node associated with it.
In our case, each VRML node will be a sphere with a hyperlink. When the
user clicks in the hyperlink, useful data of the planet will be presented in an
HTML frame. For example, the following listing shows the wrl file
associated to planet Mars.
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4. GENERATING A VR SIMULATION

When compiling the model with C-OOL, several files are generated:
– A wrl file, containing all the VRML objects declared in the model.
– A Java applet, with the simulation logic, the simulation controls, and the

other graphical output forms, if any has been selected in the model. The
Java applet allows the user to start and stop the simulation, to change the
model parameters, etc. It communicates with the Virtual World by means
of the External Authoring Interface (EAI) [10]. Using proprietary
technologies such as Netscape’s LiveConnect [11] is widely extended [2,
5], but we think our solution is better, because additional libraries are not
needed, we are compatible with Internet Explorer, and the
communication between the Java applet and the Virtual World is done
directly from the program, rather than indirectly through JavaScript.
Figure 1 shows the working scheme of all these components. There is a

graphical and numerical Java library placed in the Server (for developing
purposes, it can be placed in the client), used by the generated Java
programs. When the user accesses the simulation page, the VRML code, the
Java applets, and the necessary Java classes are first downloaded from the
server, but are then executed locally.

The necessary elements to run the simulations are thus:
– A graphic browser.
– A VRML97-compliant plug-in, such as CosmoPlayer.
– A Java Virtual Machine plug-in, understanding at least Java 1.1 code.
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The next figure shows a moment in the execution of the simulation.

In the previous figure, the user has clicked on the planet Mars, and the
associated data are being shown in the upper frame. The sizes of the planet
shapes are not proportional to their real sizes, to make them visible in the
image scale. Figure 3 shows a similar simulation, where a two-dimensional
plot has been selected as a graphical output form. The animation of both
panels is synchronised, because the simulation engine sends messages to
CosmoPlayer and to the 2D Java panel every time step.
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There is a problem in the integration of VRML panels in the user
interface generated by our compiler, because these panels are not placed
inside the Java applet, but in the HTML page in an <EMBED> HTML tag.
This complicates the construction of the user interface, that we have solved
using tables. In figure 3, the VRML world and the applet have both been
placed inside an HTML table.

5. CONCLUSIONS AND FUTURE WORK

In the present article, we have presented some extensions to facilitate the
construction of Virtual Reality simulations through the Internet. The
simulation behaviour is modelled by means of the OOCSMP language,
which allows us to assign VRML nodes to the OOCSMP objects. The
compiler takes charge of generating the VR world and the necessary Java
files. The programmer only has to model the system behaviour, in a high-
level simulation language, and specify the appearance of each object by
means of simple VRML nodes. The inclusion of these simulations in
educational courses is thus straightforward. In the generated Java code, the
inclusion of a VRML panel only represents a few lines of code: some of
them in the initialisation, to get a handle to the VRML browser, the others in
the main simulation loop (in the function that updates all the graphical
output forms), to update the position of the corresponding VRML nodes.

VRML also offers other possibilities of interaction, which we have
exploited in the example, such as setting hyperlinks in the simulation
objects, which can be used to explain the role of the object in the simulation
or, as in our case, to show additional data.

The example can be accessed from:

http://www.ii.uam.es/~jlara/investigacion/ecomm/solar3.html

The primitives that add Virtual Reality capabilities to our system only
deal with the displacement of objects. Other primitives could also be added
to handle other object properties, such as rotation, size, colour, etc.

We are currently working in an authoring tool for the construction of
simulated-based web documents. These documents can be educational web
courses, but also electronic articles - with simulation and interactive
elements - or interactive presentations. We are planning to incorporate the
possibility of designing VRML worlds to this tool, or at least allowing an
easy interaction with some VRML development tool.
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Abstract: The development of new Information and Communication Technologies (ICT)
has introduced substantial social changes, including teaching and learning
methods. In this context, several projects have been encouraged by European
and national authorities, involving both public and private institutions, mainly
universities. AulaNet has been developed as a Virtual Campus in the
University of  Oviedo, offering the subject “Economic Data Analysis” as a first
web-based teaching experience. In this work the main aspects of AulaNet are
described, including virtual teaching tools, some methodological
considerations and a first e-Learning and Teaching balance.

1. AULANET AS A VIRTUAL CAMPUS

Teaching and learning methods have experienced substantial changes
during the last years. Printed materials have progressively been
complemented by audios, videos and computers. More recently, the
introduction of digital technology has opened new possibilities for both the
learning process and its technical support.

Aulanet1 has been developed as a Virtual Campus, trying to make an
efficient use of internet. Thus, as shown in figure 1, the website
www.aulanet.uniovi.es has been designed as a student-based learning space.

1 AulaNet is directed by Rigoberto Pérez, coordinator of a teaching team (Ana Jesús López,
Covadonga Caso, María Jesús Río and Carmen Ramos) and a computing team (Alberto
Fernández, Ignacio Suárez, Juan Carlos Castrillón, Fernando Milla and Marcelino García).
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This Virtual Campus provides a wide range of teaching tools, including
virtual lessons, electronic books, software and presentations. Areas for
debates, tutorials, assessment, conferences, ... are easily available from the
web.

Each Virtual Lesson starts with a Working Guide, describing its main
contents both compulsory (in red) and optional (black). A first approach to
each item is provided by a 12-minute presentation2, complemented by further
material as electronic books, animations, interactive questions, practical
issues and references. The inclusion of many links, figures and graphs allows
the students participation in a flexible, interactive learning process3

.

Once the lesson is finished, a self-assessment is suggested to the students.
This option provides a set of test questions randomly selected and
automatically corrected through the web.

The practical material is located in a specific area, allowing the selection
of some exercises and questions for further submission and evaluation.

 Due to the diversity of Internet accessibility conditions, these presentations are available
both in audio-visual and only-audio versions.

 Electronic books are also available from the Library Area, and documents can be
downloaded both in word and pdf format. Nevertheless, this option leads to a static, non-
interactive use of the teaching material.



An Experience on Virtual Teaching: AulaNet 209

Tutorials are provided in different ways, including on-line assistance, a
shared board, chats and video-conferences.

On line assistance connects students with tutors, providing quick answers
(within 24 hours) to questions and comments sent by e-mail.

This option has been widely used by the students, complemented by the
shared board, which provides an active forum for the debate. Both tools are
based in asynchronous communication, since they do not require the
simultaneous participation of students.

In order to allow synchronous communication, AulaNet also includes
chat sessions (periodically held in order to debate about several matters) and
video-conferences (providing a face-to-face dialogue between students and
teachers).

On-line evaluation is an outstanding characteristic of AulaNet and a
distinctive feature from another virtual experiences.

A traditional exam with rigid spatial and temporal restrictions was
avoided, since it would introduce incoherencies with the proposed teaching
and learning methods. Thus, an on-line assessment was designed allowing a
more flexible evaluation process.

According to this method, students apply for a specific examination day
(within a previously reserved week), time (five sessions a day) and location
(two different campuses). Once the official schedule is published on the web,
on-line assessment is held providing each student with a random selected
exam.
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In order to achieve our objectives, special attention has been paid to the
exam design, students’ isolation, tutors accessibility and web-cam assisted
vigilance.

After the comparison of AulaNet with similar experiences, we point out
some distinctive aspects:

AulaNet has been conceived as a virtual campus in a wide sense, thus
including virtual teaching and also web-based academic management.
The learning and teaching process in AulaNet is fully web-based,
removing the use of printed and/or analogical materials.
Attention should be paid to the differences in the access conditions.
Therefore several teaching tools are provided to the students, including
video and only-audio versions, electronic mail, chat sessions, video-
conferences, ...
In order to achieve a coherent assessment system, continuous evaluation
is complemented with the realisation of a final on-line exam.

2. A FIRST EXPERIENCE WITH “ECONOMIC
DATA ANALYSIS”

AulaNet started its activities in February 2000 with the subject
“Economic Data Analysis” offered as a free selection subject in the so-called

This first subject was specifically designed for virtual teaching and
learning, focusing on the student as a user of statistical information, mainly
economic data.

As shown in Figure 3, this subject has been followed by 74 students of
different academic profiles, with preeminence of computing and economic
degrees.

This Group includes Universidad de Cantabria, Universidad de Oviedo, Universidad del País
Vasco, Universidad de La Rioja, Universidad de Zaragoza, Universidad Pública de
Navarra and Universidad de las Islas Baleares. All these institutions share virtual teaching
projects with full academic recognition of the credits.
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According to this first experience, the interest of the virtual lessons as e-
learning tools must be emphasised. More specifically, “Economic Data
Analysis” contents have been enriched with links to Statistical Institutes,
International Organisations, Economic Reports,...  also including a
“Statistical Mistakes” section.

The practical material is based on the software ADE+, specifically
developed for teaching purposes and available from the web5. Students have
free access to solved and proposed exercises, and are asked to mail some
personal work to the tutor.

 The software ADE+ (Análisis de Datos Estadísticos) has been developed and registered by
Rigoberto Pérez and Ana Jesús López (license 1866 of the Intelectual Property Provincial
Register of Asturias). A first “demo” of this software was also distributed with the book
Pérez, R.; López, A.J. (1997): Análisis de datos económicos II. Métodos  inferenciales,
(Ed. Pirámide) and updated versions are available from the address:
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Virtual teaching success depends to a great extent on interactivity and
communication capability. Thus, main attention should be paid to students
evolution, including academic, technical and administrative aspects.

In AulaNet, reports are available to students and teachers, providing
several useful indicators:

Student progress in the syllabus, compared with the mean of the group.
Student participation, obtained as a ratio of the selected interactive
options.
Marks of the practical questions and exercises submitted to tutors.
Self-Assessment results.
Results of the final on-line exam.
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In order to keep a permanent contact with our students, they have
repeatedly been interviewed about several aspects of their e-learning
experience.

Vaguely speaking, the best results are associated to interactive questions,
self-assessment, presentations and another teaching tools. On the other hand,
technical difficulties and low speed of the network remain as the most
negative aspects.

3. CONCLUDING REMARKS

The AulaNet experience has provided some useful information for the
future development of a Virtual Campus at the University of Oviedo.

The implementation of the subject “Economic Data Analysis” has clearly
confirmed the demand of e-learning and teaching, suggesting several lines
that should be followed in the near future.

Firstly, the development of new virtual subjects and their inclusion in
AulaNet should be encouraged, allowing our students to design a more
flexible curriculum vitae, with more reasonable timetables and a more
participative learning system.

Secondly, new strategies should be designed for the consolidation of a
high-quality Virtual Campus in our University. Up to this point AulaNet has
been recognised by IBM with the e-business distinction and now we are
turning towards the achievement of a quality certification.

Cooperative initiatives with universities and/or institutions should also
been encouraged, following the guidelines of Spanish and European
academic authorities.
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Once we have experienced some of the advantages and risks of these new
teaching and learning methods, the challenge of new information and
communication technologies must be faced, improving on-line education and
developing a high-quality virtual campus.
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Abstract: This article presents a framework for the design and development of
microprocessor based systems. The software has been developed to work with
a Motorola MC68000 microprocessor based board that is used in the
Laboratory of Digital Systems Design of the E.T.S.I. Telecomunicación of the
Universidad Politécnica de Madrid, Spain. The framework includes a set of
basic tools: a cross assembler, a debugger, an editor, a communication system
and on-line help. Experience has proven the usefulness of the framework.

1. INTRODUCTION

Nowadays all information processing systems or telecommunication
applications are built on digital architectures with standard processors.
Consequently, the graduate students on telecommunication engineering must
be prepared to deal with this kind of digital systems. This is the reason why
during the first years of the degree several courses and laboratories are
conceived to give to the students a deep knowledge on this subject.

In this article we present a framework that has been developed in the
Department of Electrical Engineering (Universidad Politécnica de Madrid,
Spain) to ease the learning process of the students attending the Laboratory
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of Digital Systems Design [1]. In particular, we will describe the application
called ED68K, which is a framework for the development and debugging of
programs running in a Motorola MC68000 board, installed in the Laboratory
of Digital Systems. All the students of the Telecommunication engineering
degree must attend this laboratory during the third year, being the laboratory
the practical complement of a theoretical class where microprocessors are
the main subject. Students have to realise a project which consists in the
design, implementation and debugging of a digital system. In this laboratory
they must deal with both hardware and software problems. The project is
made in groups of two, and students work with real equipment driven with
the framework we describe in this article. This approach has been followed
instead of simulating the design in order to give the students a closer
approach to authentic work.

The development of this framework started in 1996, when Motorola Inc.
gave our department a set of SBC68K boards [2] with educational purposes.
Since the boards had no dedicated software, we decided to develop our own
interface program. The program features have been growing during the last
years, and finally, the program resulted in a complete framework, called
ED68K, which includes communication tools, assembler, debugger, etc.

The SBC68K kit is an evaluation and development board for the
MC68000 microprocessor manufactured by Arnewsh Inc. The board, which
can be accessed by means of a terminal through an RS232-C interface
(figure 1), comprises RAM, ROM, timers, a disk controller, a printer
interface and general-purpose input/output devices. The ROM includes the
firmware, which is the software provided with the kit. This software
comprises a monitor and a self-contained programming environment with
control functions for input/output.
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The firmware (called TUTOR) is designed to edit and compile the
programs in a computer used as host. Thus, the board requires a simple text
editor, a cross assembler and a program that emulates a terminal to load the
object code in the board and to debug it. Obviously, if we compare this
working environment with the power and robustness of the current
programming frameworks it is clear that this scene can be drastically
improved. A first idea we had was just to provide a user interface making
good use of all the graphical resources provided by Windows. Later on, the
resolution of different problems that appeared in the development process
resulted in a complete framework that was built to help students (and
designers) in the whole design cycle of digital systems. The product of this
work is ED68K, the application that will be described in the following
sections.

The structure of this paper is as follows. First, the main goals of the
framework will be described, as well as the implementation methodology
that has been followed. Next, the framework is described in depth: the
graphical interface, the assembler, the debugger and the communication
mechanisms. Finally, other features of the software will be presented and
some conclusions will be drawn.

2. FRAMEWORK GOALS

The main goal of the development of ED68K was to provide an interface
to the SBC68K board that could simplify the designer work. In this way, the
program was defined as a framework that integrates a cross-assembler, a
code editor, a debugging environment and a communication system. Main
low level tasks integrated in the framework are:

1. Compilation of assembler programs.
2. Load of object code in the RAM memory of the board.
3. Execution of programs from a given memory address.
4. Setting up breakpoints.
5. Execution of programs step by step.
6. Display and modification of the content of the registers.
7. Display and modification of the content of the memory.
In addition, since the program was designed to work in an undergraduate

laboratory, a secondary objective was considered: to assist the students in
their learning process. In this way, the framework has a comprehensive on-
line help, display facilities (to see the contents of the microprocessor
registers, for instance) and a printed user’s manual with a tutorial [3].
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3. IMPLEMENTATION APPROACH

ED68K has been developed under Windows, because this was the
operating system available in the laboratory machines. Besides, students are
very familiar with this operating system, (even though there are more
powerful operating systems, like Linux, but still with very few users).

As programming language we have chosen C++ [4] to follow the object
oriented programming methodology. Moreover, there are many C++
libraries to develop Windows applications whose use eases considerably the
development process. An important issue we had in mind when developing
ED68K was to generate reusable code. Taking this programming style into
account, the final implementation can be easily adapted to another
hypothetical evaluation kit that would follow the same connection style and
features as SBC68K. Additionally, we can take advantage of two important
characteristics of the object oriented programming: encapsulation and
inheritance.

Nowadays, there are different options to develop Windows applications
using C++ as programming language. For instance, the Object Windows
Library (OWL), from Borland, or the Microsoft Foundation Class (MFC).
Both provide high level classes that allow the programmer to build an initial
skeleton. In particular, the application that is described here has been
elaborated using as support the Microsoft Foundation Class (MFC [5]
version 4.2), following the document-view architecture.

ED68K is a document oriented application that has been designed
following the MDI model (Multiple Document Interface) [6]. The documents
the application handles are the different files the framework employs: source
files, object files, debugging listings, etc. This model allows the user to
simultaneously edit several source files, which improves the framework
flexibility and eases the debugging process.

The application has been developed making good use of another
interesting feature: the usage of threads to improve the framework
performance. In the Win32 API there are no different threads: the API only
needs to know the starting point of the threads to begin with their execution.
However, MFC has two kinds of threads: user interface threads and working
threads. On the one hand, interface threads are usually employed to process
the user input, answering the events and messages generated by the user.
This kind of threads is able to create new windows or process the messages
the windows receive. On the other hand, working threads are designed to
work in background not requiring user interaction.
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ED68K is a multi-thread application with two threads: a user interface  
thread that supports the user interaction and a working thread that manages
the communication with the kit during the execution of the user programs.

4. DESCRIPTION OF THE FRAMEWORK

The framework is characterised by the complete integration of all the
tools. Visual integration has been accomplished since there is a common
user interface. The framework has also data integration, because editor,
assembler and debugger share all the files. Moreover, there is control
integration, given that some tools are activated by some others.

4.1 Graphical Interface

A snapshot of the user interface of ED68K is shown in figure 2. In this
figure we can see most of the elements the graphical interface is composed
of. On top of the main window is placed the Title Bar, with the name of the
application and the name of the file that is currently opened in the text editor
(as all the figures, in Spanish, Cadena.dep).

The Menu Bar, the area displayed across the top of a window directly
below the title bar, displays the names of the menus. Clicking a menu name
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displays a list of commands for accessing ED68K functions. Available
menus are (from left to right in figure 2): File, Edit, Connect, Build, Run,
Registers, Memory, Breakpoints, View, Window  and Help. Below the menu
bar is the Toolbar, which provides quick, one-step access to 20 commonly
used features.

In the central area we can see six cascaded windows. Three of them
correspond to three files opened within the editor: a source file
(Cadena.asm), a listing file (Cadena.lis) and a debugging one (Cadena.dep).
The Terminal window is used to display the input/output of the user’s
programs. The Error  window displays the errors produced while
assembling, and the Memory window shows a memory dump.

On the right of the previous windows the Register Bar appears with the
purpose of displaying the contents of the registers of the CPU on the board
and to interface their modification. On the left hand side a useful
hexadecimal to decimal (and vice-versa) converter is shown. Finally, at the
bottom of the screen is the Status bar, which gives information on the
selected object or on your current action.

4.2 Assembler

In order to better control the assembling process we decided to integrate a
cross assembler within the framework, instead of using the one provided by
the firmware. We used as starting assembler the one that was done by Paul
McKee, whose source code was available on the Internet [7]. Having the
source code, we were able to modify many different points:
– To replace the user interface (originally it was a command line).
– To integrate the assembling process within the development process.
– To ease the source code debugging.
– To translate the assembler error messages.

 After all these actions had taken place, a new version of the assembler
was built as a DLL (Asm68k.dll). This DLL format was established to
maintain the original structure and to ease the replacement of the assembler
if necessary (again, the framework has been designed reusable).
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Significant modifications we can mention here were the elimination of all
the input parsing, the generation of object, listing and debugging files, or the
cooperation between the assembling process and the load of object code into
the board. The assembling errors are displayed on the Error window and on
the listing file. The source lines that caused these errors are listed after them.
The object file is generated with S-record format, which is compatible with
the kit SBC68K. We have also redefined the assembler directive END in
such a way that the debugger can automatically set up the program counter
with the first address of the compiled program.

4.3 Running and debugging programs

The execution of user programs takes place in the SBC68K board. The
framework uses the firmware debugging primitives to create the commands
offered by the user interface of ED68K. The board produces as response to
every single primitive a string of characters parsed by the framework and is
finally displayed on the user interface objects (message boxes, register bar,
terminal window, etc.). In this way, the command-based interface of the kit
is converted into a Windows-based graphical interface. This procedure is
described in figure 3, where as example an update of the register bar takes
place as an example.

The final debugger of ED68K integrates four execution modes:
– Without breakpoints.
– With breakpoints.
– Until the current instruction (the line marked with the caret in the

editor).
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– Step by step.
Whenever the user is debugging a program, the Register bar is updated

after every execution command. Besides, in the debugging window the
instruction pointed out by the program counter is emphasised.

The Terminalwindow displays the input/output of the user’s program.
Several questions must be considered to correctly perform the I/O operation:

– The execution of programs can take a long time, thus delaying the board
response. Nevertheless, the user interface must be able to provide a
quickly response not relying on the board status. Therefore, while the kit
is running a user program, the framework cannot be stopped1.

– To implement the running modes “With breakpoints” and “Until the
 current instruction” the framework analyses the trace returned by the
board. From this trace we can extract the value of the registers (to be

 displayed on the register window) and the address of the next instruction
to be executed (to be supplied to the debugging window).

– While the programs are running, some error situations might happen. In
this case the MC68000 produces an exception and the kit sends an error
message to the terminal followed by an information trace. The best way
of processing this situation is by means of an error message box.
Consequently, errors are not displayed on the Terminal window in order
to keep the output of the user program clear.

The previous considerations have induced two design decisions on the
framework debugger:

1. We have used a working thread to read the user program output from
serial port and display it on the Terminal window. This thread is
created when the execution of the program is started, and is destroyed
after completion of the program.

 2. The information produced by the kit is parsed to detect the messages
sent by the board (errors, stops at breakpoints, etc.) while running the
programs. These messages will be processed by message boxes,
avoiding their presentation on the Terminal window (as it is shown in
figure 4). Following this procedure, the framework assists the designer
in an efficient way.

1 The situation would be even more critical if the user program is hanged
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4.4 Communication with the board

Due to the fact that the programs run on the SBC68K kit, the ED68K
framework establishes a communication protocol with the board firmware to
load the programs on the RAM, and to run and debug them. The
communication takes place through the serial port, and includes:

– sending commands to the board monitor and reception of response.
– loading programs on the kit memory.

Since the framework was conceived to have the assembler and editor
working independently, the application does not require having the kit
connected to the PC from the beginning. Thus, the users can edit and
compile programs even if there is no SBC68K kit available. On the other
hand, the kit is absolutely necessary to debug and run programs. In this case
the user must configure and open the serial port before starting the working
session. Additionally, the debugger also uses two elements of the user
interface: the Register bar and the Terminal window. Consequently, those
objects are only created once the user establishes communication with the
board.



224 M. L. López-Vallejo, J. M. Fernández Freire, J. Colás

A special flow control protocol has been implemented to properly
communicate the framework with the board. This protocol was necessary to
avoid overflow problems when transferring the object programs to the kit.
Excellent performance has been obtained with this protocol, improving
classical terminal emulation programs in 20%.

4.5 Other features

ED68K includes other features, as a text editor, an on-line help, a simple
hexadecimal-decimal calculator or an installation program. Space
requirements preclude us from commenting further on these and many other
interesting features of the framework. Thus, only some details will be
presented next.

A text editor has been designed and integrated in the framework allowing
the edition and printing of files. It was specially developed to facilitate the
cooperation among the assembling and debugging tools. In this way, the
editor has been designed in such a way that the user can only modify source
files (.asm), leaving untouched listing (.lis), object (.h68) and debugging
(.dep) files, which can just be read. Another interesting feature of the editor
we can mention here is the automatic indentation of the text, which helps the
designer both coding and debugging source files. Additionally, standard
editing functions are supported, such as: handling of source, listing, object
and debugging files; select, copy and paste text fragments, search and
replace, etc.

On-line help was created with the application Help Workshop supplied
by Visual C++. ED68K provides help at three levels: Help Contents, Context
Sensitive Help and ToolTips. Help topics are shown in a dialogue box with
three folders: Contents, Index and Find. These are three different ways of
accessing the help information. The Context Sensitive Help (or ScreenTips)
shows information about the different elements on the screen. ToolTips are
small information boxes that are displayed when the mouse pointer stops on
a particular element of the user interface.

The framework also has a simple calculator, which converts hexadecimal
into decimal representations and vice-versa. This tool is especially useful
when working at assembler level. The converter can handle 32-bit numbers,
and is completely integrated into the application: it allows transferring data
from its display to the different edition boxes via the clipboard.

Finally, the installation program was developed using the public domain
tool Inno Setup 1.1 [8] because of the excellent performance it provides.
This tool can be executed under Windows, being the source code available.
Interesting properties of Inno are that the installation program can be put in a
single file and de-installation can be fully accomplished.



ED68K 225

5. CONCLUSIONS

This article has described a framework developed for the design of
microprocessor-based systems with educational purposes. This framework
provides the ideal environment to work with MC68000 microprocessor,
including editing, assembling, debugging and execution tools.

The framework has been widely used for the last two years in the
undergraduate course Digital Systems Laboratory (Degree on
Telecommunication Engineering, Universidad Politécnica de Madrid). The
tools included in ED68K have shown excellent results as learning
environment and microprocessor-based design assistant.

An additional advantage of the framework is that the resulting code is
completely reusable. In this sense, future work covers adapting this
framework to a different evaluation kit: a board based on the MC68331
micro-controller.
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Abstract: In this paper we present an initiative born within the Spanish Human-
Computer Interaction Association (AIPO). Our aim is the creation of a
groupwork to discuss the basic contents of an introductory course to HCI and
to design a common-core syllabus of curricula contents in Human-Computer
Interaction (HCI) in Spanish, using the Internet as the medium of sharing
contents. It is an initiative to promote and allow a free access of HCI curricula
to the Spanish community and the Latin American community. It is open to all
interested contributions from any educational institution. As an example we
present the experience of the application of the virtual course Introduction to
HCI made at the Universities of Lleida, Granada, Carlos III and Castilla-La
Mancha.

1. INTRODUCTION

The creation of the Association of Human-Computer Interaction (AIPO)
in Spain in November 1999 meant a strong impulse to the emergence of HCI
within the Spanish universities. The objective of our association is to
establish links between the teachers interested in this area and to promote
research and the creation and improvement of teaching materials. Education,
in our case, is a subject to which we have to dedicate an important effort, due
to the lack of this type of material in Spanish. AIPO just was the place to
launch debates and contacts on the educational aspects of HCI. Its initial
meetings gave birth to the idea of working together in the creation of
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common educational contents instead of having each university working
separately. A logical proposal from these talk gatherings was the use of the
Internet as the support for this shared information. In addition, it was
decided to offer it for free in order to facilitate the open access to all the
Spanish-speaking community. Within this framework, the initiative was
fixed in the preparation of a course of Introduction to the Human-Computer
Interaction.

2. VIRTUAL EDUCATION

Virtual tools make it possible to combine the learning process based on
peer-to-peer classroom activities with continuous training at any moment,
enabling the reception of information, materials, resources, experiences.

In order to develop virtual training in an effective way, technical
capacities related to Web and to interactive tools as well as pedagogical and
organisation capabilities will be required.

3. A JUSTIFICATION OF TEACHING OF HUMAN-
COMPUTER INTERACTION

The Report of ACM/IEEE-CS Joint Curriculum Task Force Computing
Curricula of 1991 [1] establishes nine thematic areas to cover the computer
science discipline. Human-Computer Interaction is one of these areas in
ACM curricula, an important aspect to set up this discipline in the curricula
of the Spanish Universities. In 1988, the SIG in Computer Human
Interaction (ACM-SIGCHI) started a group with the aim of making a
curricula framework [2]. The task of the committee was to write a series of
recommendations for education in HCI. This committee wrote the document
ACM SIGCHI for Curricula in Human-Computer Interaction in 1992
presenting the recommendations for the accomplishment of HCI courses.

In order to be able to cover all the aspects, their definition and the
objectives, HCI has to take into account different areas concerning the
human being and the computer: Computer science (design and engineering
of the interfaces), psychology (theory and application of the cognitive
processes and the empirical analysis of the users’ behaviour), sociology and
anthropology (interaction between technology, work and social
organisations) and industrial design (interactive products).

The subjects chosen in the ACM curriculum evolved from the
consideration of the interrelated aspects of Human-Computer Interaction:
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(N) Nature of the interaction, (U) Use and context of computers, (H)
characteristics of the Human being, (C) Computers and architecture of the
interface and (D) Development process. It is also necessary to consider the
(P) Presentation of projects and the evaluation.

4. COURSE CONTENTS

Currently the course consists of thirteen chapters. The first one is an
introduction to Human-Computer Interaction, where it introduces the
discipline, the concept of interface and its usability.

The second and third chapters try to present the two participants in the
interaction: the computer, with the study of the devices, and the human
being, as an interactive agent. The interaction styles are a fundamental
chapter focused on a comparative perspective of the interaction paradigms
and studies. Next, the study of metaphors and their use in design is
presented.

The presentation of a study on user support and styleguides helps to
complete the training in interaction models.

Internationalisation is not a common chapter in the bibliography, but we
consider it fundamental in the current globalised context of interaction.

The next section focuses on design, with a chapter dedicated to the
interface engineering, other dedicated to development tools, graphical design
and to the evaluation of the interfaces. A final section is devoted to
groupwork interfaces.

5. THE COMPLETE PROJECT

Our vision is to combine face-to-face and virtual work, reproducing, in
the virtual world, most of the facilities we have in the real world, adding up
interactivity, the most important feature in virtual teaching.

The final virtual support to the teacher will consist of the course, the
slides, a video recording/library with a class for each chapter done by
different experts, some interactive exercises written in Java and a self-
evaluation test.

In the following paragraphs we will present the course contents and the
slides developed up to now as a website to present these contents in the
classroom.
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5.1 The virtual course

The present structure of the course is a Website located in the server of
the Griho group of the University of Lleida (http://griho.udl.es/ipo) that
contains all the documentation of the course and the slides corresponding to
each chapter. The design of the course follows a structure of three parts as it
is seen in Figure 1.

Once the student enters the digital book, a webpage appears divided in
three parts: frame number 1 on the left corresponds to the navigational area,
frame number 2 in the upper part covers the synthesis that means the context
information, and frame number 3 is the contents area.

Each chapter has the following parts: an introduction, objectives,
different levels of contents, bibliography and selected links and exercises.

5.2 The slides

The slides corresponding to each chapter of the course are developed in
Microsoft PowerPoint. With the help of a projector, it will guide the
presentation of the different topics of the course to the students.

For the accomplishment of the course, the Griho group have been
working in its preparation. They are a group of teachers of the AIPO
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association with experience in diverse parts of the agenda: Psychology,
design, formal groupwork, methods, etc. The course allows the inclusion of
documentation through the modification of the index, a text type file,
visualised by means of a Java applet. The contents have been discussed
using electronic mail and they have been converted to HTML format, by the
facility that involves the use of groups. For the writing of the contents we
have used bibliographical resources by Preece [3], Dix [4] and Shneiderman
[5]. They have been used for the accomplishment of the course, as well as
abundant material from the Internet and from the ACM digital library.

6. APPLICATION AT THE UNIVERSITY OF
LLEIDA

The course has been applied in the current teaching of the subject
Introduction to Human-Computer Interaction at the University of Lleida,
(located in Lleida, Catalonia about 160 km far from Barcelona) in the subject
“Human-Computer Interaction Systems” included in the “Interactive
Technologies” syllabus for the Computer Science studies.

The subject is scheduled in two theory hours and two applied, practical
lab hours a week. For the theory classes we used a general classroom for all
the students, but groups with fewer students would be desirable. In these
classes we used the laptop connected to the Internet, the tube projector and a
video player. As presentation material, they use transparencies based on the
digital course. The scheme followed is a presentation of the subject, the
objectives to obtain, an explanation of the subject contents and finally the
conclusions.

As a complement, video shows relative to the topics are displayed.
Finally a list of the bibliography resources and the links to related Websites
are given. As supporting educational material is available on the Internet, the
students can consult the digital course online or download it to their
computer to have it off-line. A paper copy is another facility offered to the
students, to reduce the total time watching the screen.

7. APPLICATION AT THE UNIVERSITY OF
GRANADA

The digital book has been used at the University of Granada to teach
courses in three curricula: Graphical Design at the School of Fine Arts,
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Ergonomics at the Psychology Department and User Interface Design at the
Computer Science Department.

Lectures and students have shown significant improvement in their
performance by using the book and the opportunities it offers to them.

The book has been used as supportive material to teach HCI concepts and
tools to students with different backgrounds. The students participated
actively in regular seminars in which several issues were discussed. They
had the opportunity to interact with the authors, inside and outside the
University of Granada, through the Internet. In that way, they took
advantage of having lecturers with a different background, which
complements the understanding of these concepts. Students from different
courses could also interact among each other sharing experiences and
knowledge.

Having the book available on the Internet allowed overcoming the limits
of the temporal and spatial dimensions of traditional University courses.
Students could communicate among each other and with the lecturers at any
time of the day and from any place (a cyber-café, home, via WAP, etc.). In
this way, several researchers referred in the book have been invited to the
University to cover relevant issues of the book (for example, this year Gerrit
van der Veer was invited to give a conference about group task analysis). It
should be mentioned that both students and lecturers have expressed a great
enthusiasm and satisfaction with the book and their comments will be very
helpful to improve new versions of the book.

8. APPLICATION AT THE UNIVERSITY OF
CARLOS III

Since 1995, we have been teaching a course in the CS Engineering
degree at the Carlos III University called "Hypermedia Systems: Design and
Evaluation". It is aimed at covering the theoretical and practical lacks that
our students have concerning hypermedia systems and applications. In this
course, which has been taught since then in the sixth and last semester of this
3-year degree, we introduce our students to the application of software
engineering methods to produce usable and useful hypermedia applications.
In particular, we focus the classes in the development of a hypermedia
prototype following a specific method named Ariadne [6]. It is centred on
designing, implementing and evaluating hypermedia systems applying basic
principles of software engineering and HCI. In particular, we consider that
teaching HCI principles, which are essential to develop any kind of
interactive systems, makes it possible to achieve an integral education
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process, since as stated by Friedman and Kahn [7], HCI studies build a
bridge between social and technical issues.

For this reason, basic principles to design usable user interfaces and
tools to provide an effective navigation in large information spaces are
studied. Students are reminded of the fact that they are not expected to test
their ability as programmers but their ability as software developers, who are
capable of creating useful software applications whose intended users may
have no technical background. Moreover, evaluation methods and
techniques are proposed as the basis for an iterative design aimed at
involving users in the development process. This activity is basically
oriented towards communicating them the idea that in their work as software
developers they will have to take into account the users' needs and
knowledge about the tasks domain. In the information society, almost
everybody will rely to some extent on computers to perform daily tasks, such
as their work, entertainment, leisure, commerce or education. Therefore,
software applications supporting such processes have to be usable from the
point of view of their users.

Our impression after these teaching experiences is quite encouraging,
since most of our students use the hypermedia and HCI methods we teach
not only in the tasks we ask for but in other projects developed within a
different research group.

9. APPLICATION AT THE UNIVERSITY OF
CASTILLA LA MANCHA

This digital book has also been used at the Escuela Superior de
Informática, Universidad de Castilla La Mancha in the subject called
“Computer-Human Interaction Systems” in the year 2000-2001. This course
is studied at the 4th year in the Computer Science Engineering degree.
Providing 9 credits, the course is given in the first term and consists of 6
hours a week, 4 hours for theory and 2 hours for lab practicals. As it is quite
a long course, additional chapters have been added to the book, mainly about
topics related to direct manipulation, information search and representation.

Since there is a specific profile on HCI in the Higher Grade (4th and 5th
years), some topics on learning and collaborative environments have also
been added. In this Profile there are other six subjects about Interaction,
which are optional and set a study line leading to this specific domain.

The course has been developed in a similar way to the one referred above
for the University of Lleida. In the same way the students explicitly prefer
the printed course to the digital book. For this reason we consider very
convenient having the book printed.
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10. CONCLUSIONS

The experience obtained in the preparation of the course has been very
positive because of the benefits derived from the creation of educational
contents by a group of teachers of different universities, experts in different
aspects of the topics of the course. The use of the Internet, therefore, has
been fundamental to its accomplishment through the use of the electronic
mail, mailing lists and file transfers. We are taking into consideration the
development of a workgroup tool that will allow uploading and simultaneous
updating of new or revised contents.

The educational experience of the use of the digital course at the
University of Lleida has been very positive for the last two years. It was
mainly so positive last year with the design of the digital course in group.
However, it is interesting to comment the still on-going need to print the
book in paper because of the difficulty imposed by the standard technology
to directly present all the documentation on the screen.
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Abstract: The ability of educational applications to adapt to individual students has been
a sought-after feature for more than a decade. The difficulty of developing this
kind of software and the lack of adequate tools that facilitate this endeavour
have hindered the participation of instructors and teachers in the elaboration of
adaptive applications. In this paper we describe an authoring tool, ATLAS,
that aims at combining expressive power and ease of use in the design of
adaptive web courses. ATLAS allows the fully interactive construction of
courses that adapt automatically to the student’s characteristics and her/his
behaviour while taking the course. The designer interacts with the tool by
using an intuitive visual language based on the direct manipulation of elements
involved in the course. The tool takes care of the transition between a teacher’s
understanding of the course and the representation model of the underlying
system.

1. INTRODUCTION

With the rapid introduction of the WWW technology in the educational
field, educational applications are facing an increasingly wider and more
heterogeneous audience. In this context, the diversity of needs and
particularities in such large communities of learners is becoming a first-order
concern. Since it is impossible to satisfy the preferences and needs of all
students with a single solution, attempts are being made to produce flexible
software, able to adapt to different kinds of users, platforms, and situation.
Given its complexity, this kind of software is extremely difficult to develop,
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which hinders the direct, active involvement of education professionals in
the elaboration of the product, to the detriment of its pedagogical quality.

A wide variety of interactive authoring tools and easy-to-use graphical
environments are available today that support diverse aspects of courseware
authoring, like WebCT [1], Macromedia Director, or HTML editors, to name
a few. These tools greatly simplify the development of educational materials,
but they do not provide an adequate support for the dynamic aspects of an
adaptive course. Moreover, the type of assistance they provide tends to be
confined to work over partial aspects of a course, or a subset of aspects, in
isolation, like multimedia components, simulations, static tables of contents,
or web-site administration, in such a way that the dynamic integration of all
these elements is done by using supplementary non-interactive tools or
programming languages.

On the other hand more powerful tools of a different kind have been
developed during the last few years that do support the construction of
interactive courses with a high degree of flexibility, including adaptive
capabilities, using a relatively small set of high-level primitives [2, 3, 4].
However these tools are not easy to use in general, as they require learning
special-purpose specification languages, and understanding non-trivial
abstract concepts that are out of reach for authors who are not necessarily
familiar with the complexities of software development. Complementing this
type of tools with editors based on intuitive visual languages, to isolate the
designer from the complexity of the underlying system, is a difficult problem
when building dynamic courses, since the course as such does not exist at
design time.

In this paper we describe a design tool, ATLAS (Authoring TooL for
Adaptive Software design), for the interactive construction, in a graphical
editing environment, of interactive courses with the capability to
dynamically adapt to students. ATLAS helps courseware authors get a better
understanding of the different aspects of an adaptive course and the relations
among them: structure, contents, presentation, and student model, by
integrating the design of all these elements in a single visual environment.
To reduce the need for abstraction from the author, the tool offers the option
of working at design time on a representation of courses that is close to the
final result, by using concrete examples of the student model, simulated by
the designer.

Our system aims at bringing the advanced techniques for adaptive course
construction recently developed in the field of computer-assisted learning
within reach of instructors and subject-matter experts that do not have a
strong computer science background. ATLAS combines the expressive
power of a system based on the abstract modelling of the student and his/her
learning tasks, with the ease of use of graphical specification based on direct
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manipulation, relieving the designer from using textual specification
languages.

ATLAS is being developed on top of a pre-existing tool, TANGOW [4],
that is used as a support system for modelling and executing the adaptive
courses defined by the designer in the ATLAS environment (see figure 1).
The current version uses the WWW as the platform for the execution of the
courses.

2.  RELATED WORK

Adaptive hypermedia support technology has made a considerable
progress during the last decade, in particular in the field of Computer-
Assisted Learning, with systems such as DCG [2], ELM-ART [3] and
TANGOW  [4]. ELM-ART and DCG use an explicit representation of
domain concepts, interrelated in a prerequisite graph. DCG includes a
planner that guides the student along a path to reach goal concepts starting
from already known concepts. ELM-ART uses a sophisticated system to
estimate the knowledge acquired by the user in relation to a concept map of
the course, according to which the system dynamically proposes the student
a path to follow at each moment. While in ELM-ART and DGC the structure
of courses is fixed, being the student itinerary that varies, TANGOW
generates the course structure at runtime. TANGOW models the student
activity in the form of a hierarchy of tasks that represent didactic units the
student can perform. Contents are associated to tasks by assigning a set of
HTML fragments to each task, from which web pages are generated when
the student is ready to undertake a certain task. Hierarchy among tasks
establishes that the accomplishment of certain tasks consists of carrying out
other subtasks, which in turn may be composite or not. The structure of the
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task tree is dynamic and depends on student characteristics and her/his
behaviour while interacting with the course.

From the point of view of the designer, adaptive course modelling in
TANGOW can be compared to the description of user tasks in model-based
user interface construction tools like UIDE [5], MASTERMIND [6] and

particular the techniques used in HANDSON [9], a tool that allows the
visual construction of dynamic interface presentations that depend on any
parameter of the application, the platform of the interface itself.

3. THE ATLAS AUTHORING TOOL

ATLAS takes care of the transition between the teacher’s view of the
course and the representation model of the underlying system. In this sense

screen that the designer can create, manipulate, and associate to each other

MOBI-D [7]. Aimed at a wider scope beyond the educational domain, these
systems support the construction of user interfaces from a modelisation of
the tasks that the user must be able to carry out with the application being
built. Both UIDE and MOBI-D include facilities for the graphical
manipulation of user tasks. MASTERMIND does not provide a visual
editing environment for task models, but provides a very powerful
specification language for tasks. The main novelty in our work with respect
to these systems is the explicit manipulation of a user model in the
development environment itself.

Relating user models to task models requires adequate abstraction
capabilities from the specification language. Dealing with abstraction in a
graphical environment raises new difficulties. Visual languages are
appropriate to transmit declarative information, but it is not easy to describe
dynamic behaviour this way. Programming by Example systems [8] solve
this problem by inferring procedural information from concrete examples
created by the designer. We have carried this idea to our context, in

ATLAS can be considered as a user interface for the course designer in
TANGOW. The development environment presents all the elements of the
course to the designer (tasks, contents, student model) as objects on the

directly with the mouse. Figure 2 shows an intermediate stage in the
creation, in this environment, of a course about Java programming. The
workspace consists of three main areas: task model, contents model and
student model. In the first one (left side), the designer defines the structure of
the course by building a model of student tasks which, in accordance with
the TANGOW model, are organised hierarchically. The contents area (upper
right) shows a catalogue of HTML fragments that store the contents of the
different parts of the course. In the student model area (lower right), the
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student characteristics that are relevant for the course being constructed are
described. This model consists of a set of simple and composite attributes,
forming a tree, that the designer can edit and use for the definition of
conditions that will determine the course structure.

The designer assigns each task the content units that correspond to it, by
dragging objects with the mouse from the course contents area onto the
corresponding task. The task tree is constructed by dragging the mouse
between tasks, associating each task with its subtasks. In figure 2, the
designer has decomposed a high-level unit (task) about Java Programming
into four subtasks: Abstract Data Types, OOP Concepts, Language
Essentials, and Classes and Objects in Java.

Tasks admit more than one subtask decomposition. Between each task
and its subtasks a node is interposed (R1 and R2 in the figure) for each
alternative ramification. These objects represent the adaptive element by
which the structure of the course is made dependent on students’
characteristics and their activity during runtime (see [4]). Their role consists
of controlling which decomposition will apply at execution time when, as in
the example, more than one alternative has been set. The activation of one or
the other is determined by a predicate that is associated to each branching-
node. These conditions are edited by selecting and dragging attributes from
the user model onto a dialogue box where conditions are edited. This
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dialogue box is opened by double-clicking on the icon that represents the
conditional branching-node (see figure 3). ATLAS allows combining simple
comparison predicates between student properties, task parameters and/or
literal values, in normal disjunctive form.

To make it simpler for the designer to deal with adaptive aspects,
ATLAS allows working on specific user profiles provided by the designer,
so that the tool infers generalised task models from partial specifications
built for particular cases. To do this, the designer first edits the student
model, from which the structure of tasks depends, adding new properties or
removing them, and introducing values. From the examples provided this
way, ATLAS instantiates the task hierarchy for the described profile,
allowing the designer to directly edit the resulting structure, instead of the
original representation, more abstract and hard to understand. In figure 2 this
option is turned off. When “Evaluate Rules” mode is turned on in the
toolbar, branching R2 disappears for task Java Programming, because its
activation condition is false (figure 3) for the provided student model
attribute values. When the designer works in this mode, the system takes
care of generalising the design and maintaining consistency.

ATLAS uses visual feedback to show the relations between the different
model elements. Task to subtask, task to contents, and branching-node to
student attribute connections appear as arcs between objects on the screen. In



a realistic course with hundreds of interrelated tasks, this can become an
extremely messy and unwieldy structure. To alleviate this problem and
facilitate the navigation over large models under construction, ATLAS
allows authors to select different levels of detail for different parts of the
model. For example, connection arcs can be shown or hidden on a per-task
basis. The amount of information displayed in each object can vary (option
“Short View of Tasks”). The designer can also collapse or expand entire task
subtrees with a single click. For instance in figure 2, the folder icon located
at the lower right corner of task Java Programming indicates that the task is
expanded, while Language Essentials and Classes and Objects do not show
their subtasks. The remaining two tasks are not composite, so they do not
have this icon.

The output from ATLAS is a model of the course ready to be processed
by TANGOW, which provides runtime support. TANGOW generates web
pages on the fly by executing branching conditions, assembling content
fragments associated to tasks, and updating task state in response to student
actions.

4.   CONCLUSIONS

The development of high-quality educational products requires the direct
involvement of professional educators in the elaboration of educational
material. Beyond the selection or elaboration of text and multimedia
resources, it is important for this involvement to have an effect on the
definition of aspects like structure and functional characteristics of courses,
as well as the interaction between the software and the student. We believe
that the development of interactive tools that expressly support these aspects
will contribute to the advance in this direction, allowing designers to spend
more time and attention on pedagogical aspects, and less in solving technical
problems.

The  of constructed applications allows for a wider reach for
courses, favouring their diffusion over the net. Being aware of students’
characteristics and the way they work is a key element in education quality,
be it computer-supported or not. The description and explicit use of user
models in a graphical environment to define adaptive capabilities in the
constructed applications is a novel aspect both in the educational technology
field and in user interface development.

There are many possibilities for continuation of the presented work. For
instance, course contents are currently elaborated using HTML editors that
are external to the system. Our plans for the near future include the
development of a tool for content authoring that supports adaptive
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presentation. We are also planning to incorporate into the system other
models that should influence course structure and presentation, such as the
platform, context of usage, or the characteristics of the data handled by the
application. Given the generality of the developed techniques, we will also
consider their application to other domains with similar problems and needs
to the ones we have been dealing with so far.

ATLAS is being developed in Java, JDK 1.2. A version of the tool is
currently available at http://astreo.ii.uam.es/~atlas.
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Abstract: In this paper we introduce ChessEdu, a collaborative application that allows
several people connected to the Internet to practise and learn chess in a guided
setting. The main feature of ChessEdu is the use of representations of chess
game histories, analysis and related annotations, which enhance the guidance
of the teaching process. ChessEdu game histories play an important role from
the didactic point of view, since they allow tutors to review what students have
done and to guide their work. Annotations to the histories also allow tutors to
include links to simplified positions. In this way, students learn chess by
working on simple examples related to their previous wrong decisions in their
game. ChessEdu is the first step in the definition of a framework to simplify
the development of guided collaborative tutoring applications in a much
broader context.

1. INTRODUCTION

During the last years there have been a number of experiments with
collaborative applications that enhance the learning process [1, 2]. Tutoring
systems that allow the guided collaboration of pupils among them or with a
tutor can increase both the speed at which students learn the tasks and
concepts they are supposed to master, and the deepness they reach in their
knowledge. The development of telecommunications and multimedia
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technologies has increased the ability to build such systems up to a level that
was hard to think not long ago.

However, traditional collaboration systems present some limitations
about the role played by a tutor that in some cases can be crucial when using
such a system in real life. The main limitation comes from the fact that a
tutor who is in charge of several students cannot be paying attention
simultaneously to the work all of them are doing. A system that helps
teachers to spend their time guiding those students that need more support at
each moment, and to review afterwards what other students have being
doing and start another guided collaborative tutoring session with some of
them, giving them guidance based on their actions, can be of great help.

In this paper we introduce ChessEdu, a collaborative application that
allows several people connected through a computer network such as the
Internet, including a tutor, to participate simultaneously or asynchronously in
a chess game. The participants can play chess forming groups that share
comments or analysis of different alternatives jointly; other participants can
be synchronous observers of a game, or asynchronous analysts, in which
case they can analyse the game in groups, synchronously, or by themselves,
asynchronously, in which case they can communicate their ideas by adding
alternative proposals to the development of the game or by making
annotations that can be associated to some points of the game. ChessEdu can
be used by students of any level, and by players who want to share their
analysis of games synchronously or asynchronously while they are in
different places.

Tutors can guide the players directly, moving the pieces of the board or
making them synchronously review alternatives to the moves they made, or
indirectly, creating annotations that can include links to stored games that
illustrate similar situations. Also, they can review the analysis work of the
students, reading their annotations, or joining the analysis session. In order
to facilitate the tutor's work, the system provides agents that inform the tutor
when a student or a group of students need help.

The system supports the participants switching from one type of
collaboration to another. For example, it allows a player to analyse the
history of the game s/he is playing between two moves. The work done by
all the groups of collaborators about a particular game is integrated in the
same history, producing a tree of chess moves, with their corresponding
annotations. The use of tree-like histories enhances the asynchronous aspects
of  the collaboration, since it permits a tutor to review all the interaction that
takes place between the different students and groups.

ChessEdu is part of the EnCiTec project that includes among its much
broader goals the development of infrastructure for the development of
collaborative aids to guided computer assisted tutoring. The last goal of this
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part of the project is to provide a generic framework for the development of
collaborative applications that allow the collaborative analysis of the
collaboration, both in a synchronous and asynchronous way.

The rest of this paper is organised as follows: first, we explore some
previous work in this area, some CSCL systems and frameworks. Later, we
will show some requirements to accomplish our main goals, using chess
teaching as background, and how we have improved these, describing the
chess tutor and the first prototype of the framework to be developed. Finally,
we will expose some conclusions.

2. PREVIOUS WORK

Collaboration histories keep the information required for a later analysis
of the collaboration among users. These histories can consist of video and
audio data, or they can include a sequence of stored events produced by the
application, that later can be reproduced, with the same application or with a
different one. This kind of history can be used in asynchronous distance
education, for example, to reproduce the resolution of exercises by students
or to replay a lecture given by a tutor [3].

The analysis of collaboration histories has been used previously to
evaluate the social level structures and processes tha
environment [4]. Also, there are some tools, such as CEVA [5], that support

t take place in a CSCL

synchronous and asynchronous collaborative analysis; in this case the
analysis is based on a history that consist mainly of video data.

One of the problems that appears when trying to incorporate an analysis
of the histories is how to capture and reproduce the information produced
through the normal collaboration session in a suitable way. A video history is
not appropriate because it does not allow incremental history analysis. In
order to accomplish this task we use the standard mechanism of event
capture/replay present in frameworks for the development of collaborative
applications, such as Habanero [6] or Disciple [7]. Later, the work of the
users can be reviewed simulating these events, which reproduce the user
actions.
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3. REQUIREMENTS FOR GUIDED
COLLABORATIVE TEACHING

In order to allow tutors to guide students synchronously by reviewing
with them their previous work, guided collaborative teaching applications
must give support for the use and management of histories of collaboration.
This also allows the teacher to analyse at any given moment the work of the
students, adding comments or alternatives to be sent to them, who can play
them as animations.

The representation of collaboration histories by means of a tree maximises
the flexibility of the analysis. This allows the system to keep track of
different alternatives that are proposed.

The management of collaboration histories should include the support of
collaborative Undo or Redo. With this, the teacher can show a better solution
to the students, going backward in the history if necessary, and producing a
new branch in it.

Other requirements of this kind of applications are:
1.   Teacher and students play different roles in the collaboration.
2. Multimedia annotations, including synchronised voice and hypertext that

can include references that in turn give access to states in the working
process or in its analysis.
Dynamic collaboration sessions allow groups of users to split and do
their own analysis following different paths.

4. CHESSEDU

ChessEdu is a collaborative application that allows several people
connected through a computer network like the Internet, including a tutor, to
participate simultaneously or asynchronously in a chess game in any of the
following ways:
1. Part of the people who are working collaboratively can be the players; on

each side there can be just one player or a team. When more than one
person play on one side, they can share their comments, and they can also
analyse together different alternatives and make proposals before making
any definite moves. Both comments and alternatives to be analysed
include multimedia components, like voice and animations of parts of
chess games. Actually, any game analysis can become an animation that
can be included as part of the analysis of any other game. A tutor can be
a player, in which case he/she has privileges to guide the members of
his/her team by enforcing them to know his/her proposals and comments

3.
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and to accept his/her decisions with respect to the next move to be
played.

2. Other people can be observers. A tutor can also be an observer; in this
case, he/she can add comments to the history of the game to be reviewed
later, or he/she can just select some positions he/she wants to go back to
at some other moment.

3. Other groups of people can analyse the history of the game
asynchronously from the players, adding alternatives and comments to it.
They in turn can be synchronised among one another or not. A tutor can
also make asynchronous analysis of the game, either in isolation, in
which case he/she can later have a reviewing session of his/her analysis
with the students in order to guide them for future work, or
synchronously with other participants in the session, who can be the
players and/or other people; in this case, he/she also has privileges that
allow him/her to lead the process.

4. Participants can switch seamlessly between being synchronised with the
game or working on the analysis of its history. In particular, a tutor can
interrupt a game, make the players go back to some point in the history
with or without a lateral analysis and corresponding annotations, and send
them back to work without any interruption.

5. When a participant plays the role of a tutor he/she gets reports from
agents that analyse the different games, and calls his/her attention about
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special situations that might need to be addressed directly between
him/her and the students.

There are essentially three types of activities that participants can do
during a ChessEdu session. These actions modify a tree whose nodes are
moves in a game or in an alternative that is proposed to its development. The
types of activities are: playing (i.e., adding new moves at the end of the
game or an alternative for it), creating alternatives (i.e., adding new moves
that start a branch of the collaboration history tree), and exploring the game
and its alternatives.

ChessEdu is a Java application that extensively uses the rmi package of
the Java 1.2 API. In order to use ChessEdu, a ChessEdu Session Server must
be running in one machine. Each session represents a group of synchronous
participants that work on a specific history or game. Several sessions can
deal simultaneously with the same history or game; this is typically what
happens when a tutor is revising the way the students have played and
adding remarks and alternatives to their decisions.

ChessEdu (Fig. 1) supports two working strategies for the students: in the
group learning strategy, two teams of students play against each other, and
ChessEdu takes note in its multimedia logging of the proposals of each
student; in this way, students get all the advantages of the classical group
learning techniques, but the teacher has the advantage that he/she can take
into account the students actions and correct the most important mistakes
that he//she finds out among them. In the individual learning strategy either
two students play against each other or one of them plays against the
computer. The advantage of this strategy is that it enforces students to act,
but on the other hand they get less stimulus from the environment.

Independently of which of these two strategies is used, ChessEdu gives
bigger flexibility in the chess teaching process in two main aspects: first, the
students as a whole can get a more direct and deeper idea of what they have
done in the wrong way or just what they can do better. In the second place,
they can also get more easily an idea about how they can do their tasks in a
better way. This second dimension is enhanced especially by their possibility
to work on examples of simpler situations where similar problems arise, and
practice with them, either by themselves or synchronously with the teacher.

5. THE FRAMEWORK

A first prototype of a framework for the management of collaboration
histories is .being developed in close relation to the development of the
ChessEdu application.
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Our present version of the framework is written in Java, and the
applications communicate with the different servers in a transparent way by
means of RMI, [8]. The framework can be used in the development of
applications as well as applets, which can be started in a browser through the
web.

In order to create a collaborative application with our framework, the
following conditions must be satisfied:

Events must be communicated to the server of the session.
A method must be provided in order to listen to and reproduce events
from other participants. Both regular and redo events must be handled.
A similar method has to be provided in order to listen to undo events.
The events that are transmitted must include enough information to allow
the performance of both undo and redo actions.

The framework gives the following services (Fig. 2):
A Logger takes care of the storage of events produced by each session in
a tree that represents a collaboration history. Annotations are attached to
nodes in the tree.
Sessions are connected to a logger, and take care of synchronisation
among the collaborators that are associated to it.
A History Browser and navigator allows the exploration and guidance of
the collaboration history.
The Annotations Editor allows users to read and edit HTML annotations
associated to the nodes in the history, as well as the special links to other
history nodes.

Currently, a first version of the framework that includes the Logger,
Sessions, and History Browser services, as well as a prototype
implementation of an Annotations Editor is implemented.
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6. CONCLUSIONS

The usual way chess is learned by playing and analysing simple but
representative positions collaboratively is very suitable for the
implementation of a guided collaborative learning application.

We have shown how this kind of application can be enhanced by the use
of game histories. This enhancement includes as an important feature from
the didactic point of view the ability for a tutor to point out to the students
their bad moves, their consequences, and related simple positions they
should look at in order to correct their mistakes, while the benefits obtained
traditionally in group learning are kept. Moreover, by the use of an
application like this, tutors are able to pay attention to a bigger number of
students with essentially the same degree of effectiveness. An application
that satisfies all these requirements, ChessEdu, has been developed as part of
the EnCiTec project.

We are developing a framework based on these ideas for the development
of applications for guided collaborative tutoring.
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Abstract: In this paper we present ADDHA, a methodology for the Analysis, Design and
Development of Hypermedia Applications. The development techniques
entailed by this methodology can be applied to a broad spectrum of
hypermedia applications. In this paper, we will apply them to the educational
domain. We are interested in proving its viability in this area, one of the most
demanding fields of application.

1. INTRODUCTION

Computers can be a valuable tool for the educational effort. Today we
have computers in every educational institution, where they provide new
additional facilities to students’ education. The pervasive use of computers is
opening new frontiers in the educational arena: online tutorials, specific
databases and hypermedia applications are changing teaching strategies and
creating new forms of interaction between students and teachers. Finally, we
have the World Wide Web as the universal medium where all these activities
can take place.

Because of its versatility, educational hypermedia applications are one of
the most promising tools in the educational field. These applications can
split its educational content accordingly to the natural structure of
knowledge and to the factual relationships between conceptual items. This
scheme can facilitate learner training through concept linking, and at the
same time, can provide students with compelling interactions and feedback
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[1]. However, in practice, when we design an educational hypermedia, the
learner bounds are limited by the hypertext system [2]. These bounds are
imposed by the educational content that underlies the application.

In this context, we can conceive the World Wide Web as a giant-like
hypermedia system built over the linking of thousands of heterogeneous
pieces of information where bounds are unattainable in practice, if not
disappearing. Trying to organise all these pieces of information can be an
endless (and perhaps futile) task, but trying to organise each individual piece
is the task of every author that publishes in the web. Where the main
problem that authors must confront when doing their job is the lack of
structuring power of HTML [3], the standard language of the World Wide
Web.

In this paper we present a methodology for the Analysis, Design, and
Development of Hypermedia Applications (ADDHA). This methodology
takes advantage of the structuring power of XML in order to build such
applications. ADDHA is a generic methodology but it fits properly in the
educational field. In the analysis and design phases, XML is used to make
the structure of the educational content and the presentational structure of the
application explicit in terms familiar to the customers. At the final phase of
development, we can tune our design for various learning environments such
as a stand-alone CD-ROM or a World Wide Web site. The techniques
entailed by the methodology we present here are the result of our experience
in the development of the educational hypermedia Galatea [4], a set of
multimedia and hypermedia tutorials for the written and oral comprehension
of Romance Languages.

The structure of the paper is as follows. In the next section we will
describe ADDHA in an abstract mode. Then we will give details of how this
methodology can be applied to the production of educational material. After
that, we will provide the details of a brief application example. Finally, we
will discuss some results and will present some conclusions and future work.

2. ADDHA LIFE CYCLE

Hypermedia applications development can be considered as a particular
case of software development. Several models of software development
process have been proposed to solve the chaotic nature of software
construction. [5]. The main goal of these models is to provide developers
with a set of well defined and repeatable steps to guide the construction of
quality software. Nowadays the evolutionary model is the most commonly
accepted. In this model, the life cycle is conceived as iterating over a number
of activities, obtaining a prototype at the end of each iteration. In particular,
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we can depict this approach iterating over the classic waterfall model. Figure
1 shows a schema of this model.

In this model customers provide an initial specification of the application
that describes what the application has to do. This specification is the main
product of the analysis phase. During the design phase, developers use this
specification to decide how to build the application. The main product of this
phase is a design document. This document must be a representation of the
application, powerful enough to guide code development. After design,
coding and testing follows. These phases can be iterated; at the end of each
iteration we have prototypes that can be evaluated by the customers. The
iteration process ends when the application meets customer requirements.
Next, we have the maintenance phase, and in parallel, there are several
umbrella activities whose goals are to assure the integrity of the process.

In the design and development of hypermedia applications, customers
play a central role, providing not only the content and the usual
specifications, but also the far more subtle specifications of the anticipated
user interactions [6]. To confront this problem we propose a modification of
the previous model trying to involve users in the software life cycle. The
main issue is to find a formalism precise enough to be useful for developers,
and simple enough to be useful for customers. A deeper study of the
relationships between educators (customers) and developers can be found in
[6]. Figure 2 depicts our approach.
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In ADDHA we use a divide and conquer approach applied to software
life cycle. During the analysis phase customers and developers produce the
specification of the application. Using this specification, developers provide
formal specifications of the structure of the informational content
(knowledge), and the anticipated user interactions (mainly the presentational
structure). At the next phase, customers will use these specifications as
templates to provide the actual contents and presentational structure of the
application. These templates are then combined to provide a first
specification of the application. This first specification can be incomplete,
probably by two reasons. First, it could be difficult for customers to specify
the whole application using formal templates. In this case customers are free
to use natural language to complete the specification. Second, we must
consider the inclusion of subordinate processes in the application. A
subordinate process is a small program that, running inside the application,
will normally be activated by some user action (for example, users can ask
the system to evaluate their answers to some exercise). This specification is
completed by developers including design diagrams that represent the
subordinate  processes. The completed specification constitutes the design
document. Developers use this document to build the prototypes of the
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application. When developers and customers discuss over the modifications
of the prototypes, they can use the design document to reshape the
prototypes, facilitating their interaction. Once the application has been
completed, the design document is used as a guide to support maintenance.
The umbrella activities are the common ones, and they do not substantially
change in ADDHA.

3. ADDHA AT WORK

In the previous section we have outlined the ADDHA methodology in an
abstract manner. Now we are going to describe the previous abstract steps of
the ADDHA life cycle in terms of specific developing techniques. Figure 3
shows the changes.

In ADDHA, our divide and conquer approach must produce different
types of documents, each of them describing a different facet of the
application. We use XML DTDs [7] to formalise these different types of
documents and to provide educators with the templates they must work with.
The formal specification of the structure of the content is provided by a DTD
called content-DTD, and the presentational structure is provided by another
XML DTD called presentation-DTD. The presentation-DTD is generic for
families of hypermedia applications. But content-DTD is usually specific of
each application. Using content-DTD, customers (educators in this case)
structure the knowledge, i.e. the informational content, of the application.
This stage is crucial and probably is the most critical step in the process of
developing an educational hypermedia [4]. The result of this stage is the
content document, that is, an instance of the content-DTD (in a  moderately
complex application, we will usually have more that one instance for a
content-DTD and perhaps we will need more than one content-DTD to
structure all the knowledge held by the application). The XML-elements of
the presentation-DTD represent the presentational elements of the
application and the relationships between them. Basically, these elements are
windows (real or abstract channels of communication with the user) and
interaction items such as buttons. In consequence, describing the
presentational structure of the application is equivalent to building an
instance of the presentation-DTD. In addition, the elements of presentation-
DTD have assigned an object oriented semantics (in terms of the desired
language object oriented construction, e.g. Java classes), so when you build
the instance of the presentation-DTD you are describing the skeleton of the
object oriented code that is going to implement the running application.
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The construction of the application specification, conceived as the
combination of the formal specifications of contents and presentational
structure in the abstract ADDHA life cycle, is simplified in practice.
Applying ADDHA, the specification of the presentational structure of the
application, and the assignment of the contents to this structure is
accomplished in the same step.

We have devised specific mechanisms to combine different types of
documents (the instance of the content-DTD, and the instance of the
presentation-DTD). One of these mechanisms is overmarkup and we
implement it at the DTD level. The overmarkup idea is very simple. The
presentational structure of the application (e.g. screens and windows) is
described using the structure provided by the presentation-DTD. Therefore,
to complete the total definition of the application we only have to describe
which contents appear inside each element of that structure. In this context,
the contents of the elements of the instance of the presentation-DTD are
(mainly) parts of the content document (that is, the instance of the content-
DTD). There are several ways to physically implement overmarkup. One is
using a special binding that relates both instances (a sort of cut and paste).
This is simple, but it is not very elegant. Other option is to use a language
that can refers to parts of instances of XML documents, such as XPath [8]
expressions. If we need to make any change in the content document, we can
use any transformation language, for example XSLT [9]. The separation of
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contents and presentation provides several advantages, recognised in all
hypermedia areas [10]. The clearer one is to be able to assign different
presentation to the same contents, or vice versa, the same presentation to
different contents. The overmarked document is called application
document, and it is finished by developers when they provide the complete
XPath/XSLT expressions, and object oriented diagrams [11, 12], obtaining
the design document. As a consequence of the process, this document is
partially built by customers, and so, easily understandable by them
(educators in our case). The design document is also precise enough to
provide a complete description of the hypermedia application that can be
used by developers at the coding phase.

4. A BRIEF EXAMPLE

We are going to illustrate these ideas with a very basic example. Imagine
that a team of university professors wants to make a set of simple
educational tutorials on a selected subject. The application of ADDHA to
this task would be as follows. First, developers meet every educator to agree
about the structure of the contents of every tutorial (say tutorial 1, tutorial 2,
..., tutorial n). After this, developers provide a content-DTD for every
tutorial (content-DTD 1, ..., content-DTD n). Then, educators and developers
agree about the common presentational structure of the courses. This
structure is formally described in the presentation-DTD. Every educator fills
its application document using this DTD as a template.
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For example, suppose that one tutorial is centred on Software
Engineering, and that there is a chapter about models of software
development process. With independence of the particular presentation of
each chapter, there is a well-defined structure for all of them, captured by a
specific content-DTD. In this way, educators can specify the content of the
hypermedia application, in a structured manner (using their specific
vocabulary) with independence of the presentation of each content. In this
example we have an introductory text with the name of the models that
hyperlinks to its description. The content document for this chapter is
described in Figure 4. Now it is possible to assign the presentational
structure of each of them. For example, suppose that the introduction and the
models descriptions appear in two different windows on the same screen.
The application document that describes this presentational structure is
shown in Figure 5. In this figure we can see a screen specification with two
windows. In one appears the introduction (using the XPath expression
contentSE/chapter /intro), and in the other the selected
models (again using another XPath expression).

The application/design document also contains valuable information to
build the complete application. Figure 6 shows the basic HTML prototype
automatically obtained from the application document. Note that an
important part of the prototype can be built automatically from the
application document, but the inclusion of subordinate processes
(represented by object-oriented diagrams) would need manual coding.
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If you want to assign a different presentation to the same content (e.g. the
description of the models will appear in a new window) only changes in
application document are needed. Separating content from presentation
includes advantages in both directions. If you want to change the content to
include another model process, you can do it, changing the content
document, without changing anything in the design document, because the
XPath expression that points to the introduction and to the models does not
change.

5. CONCLUSIONS AND FUTURE WORK

The development of hypermedia applications is basically a software
development activity. This activity turns harder by the direct implication of
customers providing contents and anticipated user interactions with the
application.

In hypermedia applications with a very structured content, such as the
educational ones, the need for structuring is a primary goal. ADDHA
techniques fit properly with the construction of educational hypermedia
applications providing structuring of contents, and facilitating the interaction
between educators and developers via the application/design document.
These techniques gather the benefits of separating the contents from the
presentation, changing one of them without affecting the other. In addition,
they permit the inclusion of object-oriented specifications for subordinate
processes, and present a straightforward translation to object-oriented code
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due to the direct relationship between the elements of the presentation-DTD
and the components of the object-oriented language.

Future work includes: the automatic generation of object-oriented code
using the application document, the development of a CASE tool that
facilitates ADDHA application, and the formalisation of a hypermedia
model that supports ADDHA techniques (then we will have MADDHA
techniques, that is, Modelling, Analysis, Design and Development of
Hypermedia Applications).
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Abstract:        In this paper we are presenting the foundations and groundwork of the
activities performed by the CHICO team at UCLM in order to study the
methods and techniques to design the so-called Classroom for the XXI
Century. Our assumption is to establish the conditions to develop the
classroom in which the principles of ubiquitous computing and collaboration
will meet together to accomplish and help CAI objectives.

1. INTRODUCTION

The worldwide use of computers in all the fields of human activity has
grown to tremendous popularity over the last few years. We cannot claim so
about their use in the education domain, where the introduction of
computers, although still being gradual, does not reach the usage range and
acceptance necessary to make the desired qualitative leap forward for
education. The simple fact of placing a computer in the classroom does not
guarantee its use. However, there are some data [1] that confirm that
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everyday lessons (in Higher Education in the USA) have been undergoing
the most significant change in many decades, a change directly influenced
by the use of computers in the classroom. The members of the CHICO team
(Computer Human Interaction and Collaboration) are conducting an
ambitious project centred on the experimentation and research of new
interactive technologies susceptible to be applied in the classroom. Thus, we
try to change the traditional concept of a lesson or class. In particular, studies
and developments are being carried out to turn the classroom into a
ubiquitous computing environment where computer-assisted collaboration
help students to solve complex problems and develop advanced skills.

To a certain extent, the personal computer has been introduced in the
classroom, but its use is not coming up to initial expectations, as, indeed, it
initially happened with audiovisual aids and other similar tools. The
provision of computers in school labs, the attempts to develop a large
amount of computer material and software for the subjects to study, the
training in their use and the initial motivation are not bringing about their
generalised use. It seems as if there were primary, basic elements in the
educational activity in the classroom hindering the progress, impeding the
immediate change to another tool that can theoretically accomplish the same
or better results. There are social habits necessary to evolve but impossible
to replace immediately. We are referring, for example, to the use of such
elements as the blackboard, the paper and the pencil. Ubiquitous computing
will allow their evolution, without replacing them. In this article we present
the groundwork and the architecture of the first implementations undertaken.
In section 2 we introduce the concept of ubiquitous interaction and the
hardware necessary to make it possible, according to Mark Weiser’s view
[2], applying the current technical developments and our view of ubiquitous
computing. In section 3 some principles are described on which lay our ideas
of collaborative environments. Section 4 describes the model established for
the first implementations. In particular, a language learning activity case as
an instance for a ubiquitous class, carried out as a real experiment. Finally,
section 5 determines some conclusions that have already been reached and
the directions to guide our work in the future.

2. UBIQUITOUS COMPUTING

Ubiquitous computing as the interaction paradigm was first introduced by
Mark Weiser in Xerox PARC laboratories in Palo Alto in 1991 [2]. This new
paradigm changes the concept of using the computer by distributing multiple
low-powered computers or small computer components throughout the
environment, trying to hide their presence, concealing their use [3] by
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disguising their appearance adapting them to the traditional tools used in the
classroom. In other words, ubiquitous computing tries to extend the
computational capacity to the whole environment by means of the
distribution of small and very diverse devices with specific interactive
characteristics, connected to higher-powered servers. The design and
location of these devices must be thoroughly analysed according to the task
they are to perform. This way, the computational responsibility is dispersed,
loosely distributed in the environment, giving an impression of
omnipresence [4].

In his already well-known article [2] and in some later works [5], Weiser
described with detail his revolutionary views: how computer ubiquitousness
can help us in our lives, without being intrusive to us. The solution proposed
by this author consists in having wireless networks of computers interchange
information between each other and serve as interaction mechanisms. In
ubiquitous environments there are three types of computer devices: “badges”
or “tabs”, “pads” or “tablets” and “whiteboards”.

The badges are small machines, a few centimetres wide and long, similar
to labels but unlike these they are active. They have a small microprocessor
and infrared technology to transmit the identity and the location of the
person bearing them. These data can make doors open just by approaching
them, or similarly, adapt some information displayed on a screen to the
badge holder. The tablets, as large as a LCD screen, are used in the same
way as we use the paper, a book or a magazine. They have a radio frequency
connection with enough channels to link hundreds of such devices, enabling
communication to every person in a different room. The objective of these
tablets is not for the users to permanently carry them but to use them where
they are with no type of associated identity, a characteristic radically
different from portable computers. Finally, the whiteboards have the habitual
size of those in a classroom and serve as any device used to show
information, i. e., as a video monitor, a notice board, a display panel, or even
as a screen shared to download information coming from the badges and
tablets or to upload data to these. In order to use them a marker, a piece of
“wireless electronic chalk", is used.

These computers were designed at Xerox Research Center in Palo Alto
[5], and in a later article [6] Weiser affirms that it is at the university where
his idea of ubiquitous computing can have more acceptance. In 1999 Ortega
[7] reckoned on the implementation of this new paradigm in the classroom
with educational aims, presenting some of the benefits that its use will
provide in education. Soloway [8] considers that handheld type or PDA
devices mean a new incentive in the way to exploit the power of learning by
discovery. Following the principles of the ubiquitous computing paradigm,
He conceives these devices as remote controls of a group whiteboard. He
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proposes to design peripheral devices and use these, say, handheld devices,
for data capturing in a real environment. Later these data will be sent to a
server which will display them for group discussion. The dream of the
ubiquitous computer is on the verge of becoming real with these tools.
Devices with high calculation capacities and capable of interconnection
without cables are a reality. As some authors [8] suggest, if we add the
possibility of handheld devices interconnected by means of wireless
networks we practically have the system described by Weiser in 1991.

3. COLLABORATIVE SYSTEMS WITH
UBIQUITOUS COMPUTING SUPPORT

From the learning perspective, it is necessary to emphasise the theory of
collaborative learning as the central source of support in our expositions. In
the search of a theoretical framework to use as reference, we are to
emphasise the CSCL paradigm (Computer Supported Collaborative
Learning) [10]. This paradigm is mainly based on social constructivist
theories [11], the theories on situated and shared cognition [12, 13, 14] and
mainly on the Soviet historical-cultural theory arisen from the works by
Vygotsky [9]. According to this author “In a collaborative scenario, the
students exchange their ideas to coordinate in the attainment of shared
objectives. When dilemmas arise at work, the combination of their activity
with communication is what leads to learning”. Many systems have been
developed on the basis of the principles of the CSCL paradigm, to mention
some: the CoVis project (Collaborative Visualisation) arid its “Collaborative
Notebook” [15], CSILE [16], CaMILE [17], KIE [18], C-CHENE [19],
SCOPE [20], etc. In the Spanish university we can point out the
developments contributed by a group at UNED in DEGREE [21], and even,
in all modesty, the CHICO team firmly reckon on these principles in
DomoSim-TPC [22, 23, 24].

However, when we try to fuse the principles of the CSCL and those of
ubiquitous computing we must consider certain aspects. In this sense we
dare to establish a classification of systems according to the characteristics
of ubiquity involved and to the kind of collaboration adopted:
– Systems that only support file downloading and uploading.

This type of systems implement mechanisms for downloading file from a
server to mobile devices in order to get them work off-line later. Then the
resulting work can be transferred to the server for storage. In order to
approach the design of such a system we only need a PDA or a handheld
device and some software tools based on file management, email or
hypertextual interfaces.
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– Systems that support collaboration in asynchronous discussion interfaces.
The aforementioned systems lack group work facilities. In order to

progress over this obstacle there is another type of systems which, in
addition to the information management functionality, provide a set of tools
for discussion making it possible to present individual work to the group.
These systems define both an individual workspace and a group workspace
for discussion, even in some cases areas of results, but only of an
asynchronous type.
– Systems that support synchronous collaboration.

The asynchronous discussion facility provides innumerable benefits from
the social point of view. However, in a great number of situations and
domains it becomes essential to have tools for interaction and
communication in real time. The systems that support participation and
discussion in real time are more complete but also more complex. In these,
in addition to the definition of workspaces, it is necessary to define work
sessions and protocols [25] in order to structure and lead the interaction of
the participants with the system. We can mention some of the works of
Soloway and its collaborators [8] as examples of this type of systems, still
susceptible of improvement (mainly as to collaboration). The CHICO team
commit their research work to systems supporting collaboration in real time
and rely on ubiquitous computing as the new interaction paradigm to design
the model that Ortega [7] claimed to be the classroom of the future, already
feasible at present.

4. A MODEL OF AN ELECTRONIC CLASSROOM
FOR LANGUAGE LEARNING

Our objective works on the definition of a classroom model based on the
principles of ubiquitous computing and computer-assisted collaborative
learning as a low cost system, to apply it to language teaching as a case
study. Thus, we are going to describe the architecture proposed below
(Figure 1). Then, we are going into the most important details about the
application of this case study.

4.1 Architecture to support ubiquitous computing and
collaboration in the classroom.

The architecture is based on the use of several wireless network
technologies. We have used some commercial devices and others developed
in our laboratory. It includes the following elements:
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4.1.1 Wireless network

As wireless network we used a commercial product, ELSA AirLancer, a
set of wireless connections instead of the standard wiring of a local area
network (LAN). This brings about wireless local area networks (WLAN)
that have the same functionality as a LAN. They improve these facilitating
the integration of mobile devices. Wireless network cards use the IEEE
802.11b standard, a modification of IEEE 802.3 for Ethernet connections.
IEEE 802.11b standard uses a range of ISM-type frequencies (Industrial,
Scientific, Medical) from 2.4 to 2,483 GHz, with a bandwidth of 11 Mbps.
They can reach a range up to 300 metres outdoors and around 30 metres
inside buildings, with an average speed of 5.5 Mbps transference, which
provides an excellent solution for the classroom environment.

4.1.2 Infrared transmission and reception.

The transference of information by infrared transmission is achieved by
using devices with the IrDA standard (Infrared Data Association) [26],
which was specially designed for communicating palmtop devices, laptops
and mobile telephony terminals. At present, there are a lot of peripherals
with this type of communication ports for wireless connection and
communication. Even when there are no such connections we can expand
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the tool by means of IrDA devices that directly connect to the RS232 serial
port.

4.1.3 Ultrasound devices.

In our model we also use ultrasound technology to determine the position
of the mobile devices. They have an ultrasound emitting device to be
located. They work the same way as Weiser’s active badges. Commercial
devices of this type exist, even at very low cost, used for tasks as simple as
length measuring. However, we made use of previous works already
developed in our university for mobile robotics [27]. They provide measures
with a 2 cm margin for error.

4.1.4 The Whiteboard Projection Set

For whiteboard projection we use a whiteboard and an overhead projector
(OHP) connected to the VGA card of the computer used as the session
coordinator. This way, when required, it is possible to have the information
projected on the whiteboard.

4.1.5 The Interactive Editing Whiteboard

In addition to the Whiteboard Projection Set (or as an extra tool attached
to the Whiteboard), we use a device capable of capturing what is drawn or
written with a marker (or electronic chalk) on the Whiteboard. Once caught,
this information can be processed and be sent to all the mobile devices
through the wireless network. This way everybody can share the information
in real time. There are some research works in this line such as the ones
described in [28] and the ones based on artificial vision [29]. Nevertheless,
we have decided on a low cost commercial device called mimio™ of Virtual
Ink™. It is an easy to use, portable hardware tool. It stores, reproduces and
prints the information drawn on a whiteboard. It incorporates a bar-like
sensor attached to one of the whiteboard sides. It is connected to a series of
sensors to be placed in markers and to another device, the eraser, to clean or
erase the whiteboard. The Editing Whiteboard constitutes itself a powerful
tool to make presentations and even to share information through an Intranet
or the Internet. The connection of the mimio™ to the session coordinating
computer is made by means of a RS232 serial port, but, as seen above,
everything seems to indicate that we can do it by means of an IrDA
connection. Tests are being developed in this sense to reach this objective.
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4.1.6 Session Coordinator

The Session Coordinator is a computer with communication interfaces to
connect all the described technologies previously referred. Therefore, it is
the one in charge of receiving, processing, storing and distributing all the
information flow. To this purpose, another computer is in charge of the data
management, doing the functions of an information server implemented in a
database management system (in our first experiences we are using MySQL
accessed through JDBC).

4.1.7 Mobile devices

The mobile devices, as Figure 2 shows, are formed by a set of PDA
(Cassiopea of Casio or iPAQ of Compaq) using a PCMCIA card or MMCard
extended module for integrating the hardware necessary to have access to the
wireless network to enable information interchange. Additionally, they have
an ultrasound transmitter/receiver device integrated so that this way the
device bearer’s location can be tracked in the environment. They can do the
work of both badges and tablets, which enables us to implement both tools in
just one device. Thus, the Session Coordinator can determine that a person
with a mobile device is approaching the whiteboards and can, for example,
directly project the information contained in their PDA on the Whiteboard
Projector, reproducing the messages they bear, to mention one of its utilities.

4.2 The model applied to Language Learning.

In order to implement this model we are presenting a traditional activity,
the writing of a composition in class, in the domain of language learning, in
particular, English as a Foreign Language (EFL). This case study already
poses an innovation itself: to practise the writing of English in a
collaborative environment. Here a group of students work together to get a



Ubiquitous Computing and Collaboration 269

common goal: to write an essay or a project in English. At the same time, all
the process is guided by the computer that will as well participate in the
composition development by means of the ubiquitous computing paradigm.

Generally, in the teaching of English, composition writing is an activity
where the students have to write on their own. They are given, at most, some
instructions on the type of composition to make, whether they have to write
a description, an explanation, a narration, a letter, a report or the expression
of their views, and the title or topic. Usually, the writing of a composition is
either a homework task, with access to all type of aids available, or else a
testing technique. In both cases it is an individual activity.

In our class we propose this task with the habitual instructions, but the
students must work in group and at any moment they can get help from the
computer, from the other members in the group and be guided by the
teacher.

In writing a composition, as a well structured activity for language
learning, the student is usually advised to put down a schema with the main
aspects to write about. Brainstorming follows in order to develop these
aspects. This is achieved by means of note making and it is an eminently
conceptual or lexical process, made up of phrases mainly. Once those ideas
have been organised and selected according to the relevance of their
contribution to the development of the aspects, the students begin to extend
them into correct sentences and coherent paragraphs. This is the syntactic
part, the one of formation of the grammatically correct sentences and of the
textual organisation of these into connected paragraphs.

This way, in a ubiquitous collaborative environment, the teacher tells the
students the topic and the type of text to write. The students begin the
activity with the process of brainstorming, suggesting aspects and ideas to
the group by means of their mobile devices. They use them to send and to
receive all the set of suggestions (collaborative brainstorming), which will be
shown on the Whiteboard as well. For this purpose, we have developed an
easy to use interface by means of a document in dynamic hypertext language
DHTML. It consists of an interactive form where text boxes are available in
order to insert the annotations and buttons are provided for their submission
and reception. These activate the communication through the server (Figure
3).
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The students can receive the content proposals of the group and thus
decide on which they consider most appropriate and excellent for the
composition. At the same time, they can add, if they wish, other derived
ideas or extend either the suggested ones with more precise or complex
annotations. At this point, the first grammar elements soon begin to appear
to cohere the notes (content words and phrases) into whole ideas (more
extensive phrases and sentences). Next, the discussion process is carried out
to select the most significant contributions and to organise them in the most
appropriate order. In this process it is important to point out the role of the
teacher as a guiding expert, controlling the level of knowledge and the
adequacy of language use, suggesting an optimal plan with the proposed
elements, etc. This can be carried out orally or with written messages
enabled by means of a chat interface.

When the group reach an agreement on the selection and organisation of
the notes, the process of text formation begins. Here appears the role of the
computer as an aid. Depending on the level of language knowledge the
group should have, the lexical choice can vary from very basic words, with
frequent repetitions, to less frequent, richer or newer vocabulary which they
can come to use without being sure they are correct. Our system facilitates
access to dictionaries of all types: monolingual, for common definitions and
word combinations (“collocations”), as well as bilingual, to translate new
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concepts, and thesauruses, to avoid repetition and to learn new vocabulary.
They can also revise the resulting text by contrasting special expressions in a
lexical database arranged for this purpose in the system. The lexical database
is composed of a variety of original texts and a case library, i. e., the
compositions previously made corrected by the teacher. We are
implementing a programme for syntactic analysis to use as grammar
corrector and style checker, but the student can already count on a grammar
reference tool which gives help depending on the type of composition to
write.

The teacher’s role involves not only the correction of mistakes but also
guidance as an expert as previously referred, and, after the first part of the
activity, as an organiser in the distribution of tasks, making some students
revise for grammar mistakes, others for vocabulary choice, and others for
connectors, textual organisation and style of the composition. Once finished,
the text is proposed for the group’s general approval and for formal hand-in
to the teacher, who evaluates it and includes it in the case library.

5. CONCLUDING REMARKS

We reckon on the architecture described as a first experience to take
Mark Weiser’s ideas to the classroom environment with practical
technology. Therefore, we are taking these ideas from conception into life,
from prediction into reality. The model supposes a challenge as well as an
attractive framework to research. We try to extract the implications of
ubiquitous computing in computational systems for group learning in
particular and group work in general. The ubiquitous computing paradigm
has made it possible to adapt the activity of doing exercises in class as a
collaborative task. At first sight, it is not necessary to carry out extraordinary
changes in the class management. The students still take notes and write in
something similar to a small notebook, they frequently direct their attention
to the whiteboard, where the teacher displays certain information. There is
no need to change position in the classroom and the individual participation
remains. But in all this activity underlies the contribution of a series of
electronic devices that make this technique possible: collaborative work
based on ubiquitous computing.

This learning methodology makes advantageous use of the continuous
communication in group and the teacher’s individualised attention to each
student. Furthermore, at any moment there are access facilities to aids and
guidance, in our case study by means of dictionaries, grammar guides and
texts available in the system. All this entails a faster assimilation of the
group work technique where each student’s individual contribution remains
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effective (and traceable) in the final result. The teacher is still present like in
the traditional classroom and, what is more, their participation giving
instructions to the whole class as well as commenting and guiding each
student’s individual proposals can be followed by the entire group through
the electronic whiteboard. The students will also follow the teacher’s making
changes in the organisation and assigning tasks throughout the process. They
can even follow the process of the teacher’s corrections and final revision, if
this is considered advisable.

There is still much to do. The application of our model to other domains
and study cases will entail certain modifications in the traditional concepts of
teaching, as well as in the most recent theories of learning which try to
implement (without much success) the desktop computer as a classroom
tool. In this case, we go beyond teaching focused on the individual results
and beyond the direct manipulation of the learning tool.
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Abstract: This paper presents a computer simulation model of a costly laboratory
practice, i.e., a vibration bench for making quasi free and damped oscillations.
In short, an interactive software has been created incorporating the most
representative experiments in this practical exercise. The laboratory instrument
simulation is achieved by the visualisation of video images, both of the
practical components (loads to be fixed, oils, springs, etc.), and of the
experimental process itself. Some random variables have been included in the
vibration simulation to reproduce the variability of the experiment conditions.
The graphics obtained with the simulation comprise a fictitious velocity of the
recorder, permitting students to determine periods and frequencies. After its
educational application, we were able to deduce that this new computer tool
was fairly useful from a didactic viewpoint.

1. INTRODUCTION

In recent years there has been a wide spread of experimentation with
computer-assisted didactic models in the training of highly qualified experts
such as aircraft pilots, astronauts and engineers specialised in controls. The
same has happened in teaching centres using models which allow the
computer to emulate the working of different laboratory equipment and to
instruct students how to use it.

The carrying out of these experiments in the Physics teaching laboratory
is very costly and requires students to devote considerable time to the study
of each of the experiment facilities and to the handling of the equipment.
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Thus, some programmes for the simulation of certain important Physics
experiments have been created [1], whose worth lies in contributing to the
students’ capacity to perform, in a simplified manner, those mental actions
which are similar to those that they might have to do in a traditional
laboratory, with the aid of these models.

In this direction, i.e. the reproduction with software of a costly practice
laboratory, we started with an expensive (about 12000 euros) Sanderson
vibration bench, used for studying systems which have practically free and
also damped oscillations. Traditionally, this experiment simulator is shown
to groups of 30 students as a lecture room practice (Figure 1). By using
computers, we aim to reproduce this experiment in such a way that students
can do it individually and with no cost involved.

2. SOFTWARE BASICS AND STRUCTURE

When we started to develop this project, two difficulties arose: first, we
found very little didactic investigation work related with vibrations even
though this theme is potentially of great interest in the teaching of Physics;
secondly, there were no educational or simulation programmes covering free
and damped oscillations. Those were the reasons that led us to develop this
project.

As mentioned previously, the study of oscillations is a useful topic in the
teaching of Physics. In pre-university science education special emphasis is
placed on the study of uniform and uniformly varied motions and these
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themes are again returned to in the first years at university, but there is no
really profound study of vibrations which, at present, are omnipresent and of
great importance in our daily lives. Similarly, in the area of Mechanics, we
have noticed that there is numerous research work on students’ learning
problems and that software have been developed relating to other motions
such as the aforementioned uniform and uniformly varied [2], projectile
motion [3, 1, 4] or the study of the trajectories of a free throw in basketball
[5]. However, there are no works on vibration.

On many occasions, the typical evolution of Physics programmes at
university is an inducement to generating almost hermetic attitudes in the
fixing of their contents, often relegating to an inferior plane fundamental
principles and integrative concepts which are repeatedly applied. However,
there is no explanation for the fact that these principles constitute the real
pillars on which all our theories are supported and the basis of the
mechanisms of reasoning which led to formulate them [6].

We think that vibrations constitute a cohering and transversal theme in
Physics since they permit the realisation of an integrated study of the kinetic,
dynamic and energetic methods [7], applied to the different types of motions.
What is more, oscillations of different magnitudes are common to the study
of manifold phenomena in other branches of Physics, such as Acoustics,
Physical Optics, Electromagnetism, Atomic and Nuclear Physics, etc. This
integrative characteristic of vibrations permits a syllabus design based on the
similarities and differences between diverse phenomena by showing how
similar models lead to similar equations and to solutions of the same type,
and the part played by the characteristics of the physics phenomenon under
consideration to justify those very similarities and differences [6].

In some field studies made in the development of Physics, as a subject in
the first year of Engineering, it was confirmed that students were confused
about basic issues related with vibration, such as: trajectory, position and
distance covered; the role of the initial motion parameters; uniform and
variable acceleration; energy conservation and dissipation; features of the
forces intervening in the motion, etc. For that reason, we consider it
necessary for the students to do computer-simulated practicals related with
this subject, permitting them to detect these learning difficulties and to
overcome them.

The practice laboratory that we have implemented in the computer
basically consists of a frame on which springs with different elastic constants
can be suspended and loads also added. A piston is placed in a vessel which
is filled with liquids of different viscosities and a recorder equipped with a
pen traces the different types of motion: quasi-free, underdamped, critically
damped and overdamped oscillations. In fact, we have tried to simulate the
vibration bench in Figure 1.
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In a first approach to a practical treatment of the problem, we used a
calculation sheet with graphics to obtain the different types of vibrations
simulated [8] but we found out that most students did not achieve the
learning objectives predicted. We therefore initiated a teaching project
comprising the development, application and evaluation of a tutorial
focusing on the study of free and damped oscillations in which we attempted
to sum up our opinions on the application of computers in Physics teaching
reported in previous papers [9,4].

The essence of this new contribution consists in the design and creation
of interactive software incorporating the most important experiments that
can be done by students with a free and damped vibration bench. This
programme has been created using Visual Basic 5.0 language, with the aim
of making the user feel that he/she understands and has a good command of
it since we have tried to make it very intuitive and easy to use. Figure 2
illustrates the process of interactivity with the user, by means of input and
output values and Figure 3 is a diagram representing the
relations with the system.

The software comprises four parts, which can be accessed from the main
menu: Tutorial, Simulation, Introduction and on-line Help.
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When the command Introduction is selected, the system shows a screen
with four buttons. By pressing the first three buttons in the order established,
the vibration bench is shown by means of a series of images and of the
explanatory text of the workings of this practical.

The Tutorial module appears on the screen as a hypertext style file
showing the theoretical fundamentals of the practical, for reference when
necessary. Each page of this Tutorial can also be printed, words sought, etc.
“Online Help” is a hypertext file containing help on how to use the
programme and the tasks that students have to carry out in the practical.

In the simulation module, a study can be made of the motion of a load
suspended vertically from a spring in terms of the following parameters:
viscosity, system load and elastic constant of the springs. This module is a
virtual representation of the instruments necessary for the student to be able
to have it recognised and learned how to use the Sanderson vibration bench
when he/she has completed this practical. The simulation is in two parts: 1)
experimental process with no oil in which vibrations are obtained with very
slight damping and 2) experiment using oil, in which the three types of
damped motion are obtained.

In order to create the multimedia system, a video camera film was made.
It displayed both the components of the practical (loads to attach, springs,
oils, etc.) and the experimental process itself, i.e. how the spring and the
loads are fitted to the vibration bench, how the piston is put into the oil, etc.
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In this way, a degree of realism is achieved as students can see the practical
being done physically through the video images incorporated in the
simulation.

For instance, by pressing on Step 2, the student can select the type of
spring (figure 4) to attach to the Sanderson bench, and it is also possible to
print the data corresponding to the different springs. The spring selection
process is done by pressing on the icon corresponding to that spring. Once
the spring has been selected, a video corresponding to its attachment process
on the vibration bench appears. Steps 3, 4 and 5 also consist of a series of
videos, accompanied by an explanatory text on the experimental process
which would be done in a Physics laboratory.

Next, step 6 consists in the generation of graphic and numerical results.
By pressing on this last step of the simulation process, either with or without
oil, the data generation screen appears. In Figure 5, as an example, there is a
screen showing a motion without oil, since all the screens following the
same operating mode and have the same interface. At the top of this screen
there are three buttons. The button “Guardar gráfico en disco” (Save graphic
in disk) automatically saves the screen in the hard disk, in a BMP format.
The directory in which the images are saved bears the name previously
entered by the student.

The button “Imprimir” (Print) enables the student to print the register of
the corresponding motion. The button “Siguiente” (Next) makes it possible
to go on to any new motion resulting from having modified the conditions of
the system.
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In each graphic results screen there appears a series of data characterising
the state of the system, such as the length of the spring, the type of motion
(with or without oil), the oscillator load, the speed of the recorder tape, etc.

3. EDUCATIONAL APPLICATIONS

We have currently begun to use this virtual laboratory as a supplementary
tool to traditional teaching methods, with a view to obtaining more
personalised teaching to counteract the present overcrowding of university
classrooms. The following are the most important learning achievements for
students using this software.

First, the programme permits students to understand the influence of the
viscosity, of the system load and of the spring’s elastic constant on the
different vibrations presented by the system. The graphics obtained by the
simulation contain a fictitious recorder speed, letting the student determine
the periods and frequencies intuitively. The logarithmic decreases in the
amplitude are also obtained by direct measurement on the registers.

It has also been possible to achieve a reproduction of the variability of
the experimental conditions by entering random variables which slightly
modify the results in the virtual experiment, this variability making it more
difficult for the results of two students to coincide. Because of this possible
disparity of results and in order that teachers can certify the authenticity of
the student's calculations, the system contains a module called “Corrector”
only accessible to them. The classification value of the motion to be marked
is entered in this module and the programme shows the correct results.
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Further, and with the aim of increasing the didactic effectiveness of this
tool, a guide has been drawn up, showing how to use the programme when
the student is introduced to it for the first time, as well as the many activities
to be done as homework with the results obtained: the determination of the
experiment constants of the springs, the coefficients of damping,
experimental errors associated with the identification of the most relevant
parameters in each motion, etc.

As a conclusion, we would like to believe that the new computer tool
described in this paper is of greater teaching use than the lecture room
experiment on which it is based. However, this hypothesis will have to be
confirmed through more educational experimentation and evaluation of the
software that we are currently preparing, whose final results will be
presented in a future paper.
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Abstract: The shared whiteboards allow the establishment of a communication-
interaction feature between teachers and students to clarify specific terms of
the didactic material exposed by means of a web virtual course. Bookmarks
and notebooks are navigation tools with historical characteristics in adaptive
and educative hypermedia systems [1] that allow the student to take notes on
the learning material exposed and to identify and extract relevant references
about the web pages visited in order to facilitate their later revision. This work
presents the performance of a shared whiteboard manager created to support
virtual teaching through the Internet and a student notebook manager that
allows students to take private notes on different sections of a web course and
to generate bookmark files to export and maintain them as bookmarks through
any Internet browser. The virtual environment of teaching-learning used for
these tools is the one offered by the PLAN-G[2] project.
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1. INTRODUCTION

The new information and telecommunication technologies, mainly
audiovisual, computer applications, telematic technologies and multimedia,
allow us to reconsider and reinforce distance teaching and learning systems.
Unidades de Soporte a la Docencia USD is a teaching and learning system
developed by the University of Girona using web technology [2]. USD
offers a group of tools allowing teachers to create and publish educational
materials, transfer, organise and manage the files of those materials, generate
and manage different types of interactive exercises, create and manage
teaching units and also to allow students to browse the learning contents and
carry out activities using efficient and attractive browsing tools [3].

The shared whiteboard manager [4] was developed for operation on the
didactic material generated for USDs with the JVS tool (Java Visual
Sequence) [5]. It offers an environment for the creation and publication of
interactive presentations made by means of still sequences or related screens
that are visualised through a web browser supporting Java language.

The use of shared whiteboards includes another element for
communication between teachers and students to carry out interactive and
collaborative activities while a teaching and learning material is revised [6].
These activities allow the students to request further explanations on aspects
presented in the material. They also allow teachers to carry out the
corresponding note or signalling on the same material in order to answer the
students’ requests. In such case, the system improves the acquisition of on-
line knowledge [7].

Taking notes on particular sections of the learning contents offered by a
teaching unit is a fundamental activity of distance educational systems and it
makes virtual education systems that use web technology more attractive.
With the incorporation of the student notebook [8] in the browsing tool for
USD, we wanted to go a step further in system adaptability, offering the
student a comfortable and private atmosphere to take personalised notes
while he/she learns, since, when studying, the revision of notes and the
student’s own comments is of great help in better understanding the learned
concepts.

This work describes the operational structure of the shared whiteboard
manager and the student notebook developed to give new functionalities to
USD. The architecture and performance of the shared whiteboard manager
and for the notebook tool are shown in sections 2 and 3, respectively.
Finally, in section 4, conclusions and some proposals for future
developments are introduced.
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2. SHARED WHITEBOARD MANAGER

The shared whiteboard manager is a guided environment for the
visualisation and control of slide shows developed in Java language. In this
application, the board is used as a tool for explanation or extension of on-
line didactic material included in a USD teaching unit. Using the USD chat
application [9], students and teachers that share the same board can
communicate. Figure 1 shows the chat request through the board
environment. Students are able to connect to a board if a teacher (the guide)
is already connected to it.

This implementation is a means of teaching support, it guides the teacher
in reinforcing explanations; therefore, all the actions (signalling) on slide
shows are stored in a database in a selective way for downloading rather than
repeating the same explanations and comments in the future. In any case, it
is the teacher who decides when to show the explanations made in previous
sessions on the current session.

2.1 General Characteristics

The application recognises three types of users:
The dynamic user, guide or teacher who has the control and the right to
carry out any predefined default action on his/her slide show. It also
permits assignation of part of the control to connected users.
The semi-static user or partially guided user who receives user guide
permission to control the slide shows presentation on the board.
The static user or regular student who is only able to visualise the slide
show and explanations given by a user guide or a semi-static user.

–

–

–
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Depending on the user type, the actions carried out on the board are the
following:

Drawing signs (lines, marks by hand raised, rectangles, etc.) for
enhancing, highlighting or pointing out slide information (dynamic user
and semi-static user).
Using the chat application for communication between students and
teachers who connect to a board (all users).
Visualising users connected to the board (dynamic user).
Opening a slide show and selecting automatic opening for the group of
students (dynamic user).
Transferring control for the semi-static users (dynamic user).
Saving the presentation with notes and the time used for each generated
sequence (dynamic user).
Recovering notes with or without the stored timing (dynamic user).
Closing the presentation and, automatically, the one on the shared
whiteboard (dynamic user).
User access control to the board is carried out using the USD relational

database, consequently saving information regarding visited slides and time
spent by the student during each visit.

The performance structure of the shared whiteboard manager is shown in
Figure 2.

The different procedural phases assigned to each type of shared
whiteboard user can be seen in Figure 3.

–

–

–
–

–
–

–
–
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2.2 Usage example

A USD teaching unit created with the JVS tool will have an additional
tool for communication and collaborative learning; the shared whiteboard
manager. Access is through an icon incorporated in the navigational tool bar
of the USD environment as shown in Figure 4.

In order to control access to the application, the system will request a
login name and a password that have to match a USD user database.
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Once the user has been authenticated, and if the data is correct, he/she
will be able to access the shared whiteboard console as it is shown in Figure
5. If a connected guide to the current shared whiteboard already exists, the
user will be able to click on the “Pissarres Actives” button in order to obtain
the list of available active boards.

A shared whiteboard can be opened directly or remotely; that is to say, if
a connected guide exists, the student can access the shared whiteboard from
his/her local machine or the teacher can open the shared whiteboard for
his/her students automatically.

Static users, on the other hand, are not able to act directly on the shared
whiteboard. They can only follow the slide show and the teacher notes. An
example of a shared whiteboard for static users is presented in Figure 6,
where the performance of a computer program is explained. It should be
noted that in this case the shared whiteboard toolbar is inactive, as well as
the button for the next slide.
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A semi-static user is able to insert notes on the current presentation and
also to access to the next slide by clicking on the “següent” button, if the
toolbar appears deployed. The four buttons (left to right) mean: to point
something out by raised hand, to use lines or squares to emphasise
explanation areas or to insert explanatory text. In Figure 7, an example is
given:

Guide or dynamic users have a broader working environment than static
users on the shared whiteboards. Figure 8 shows the additional toolbar
available for the dynamic user for carrying out tasks for managing users
connected to a shared whiteboard as well as maintenance of the notes in a
database.
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By means of the first toolbar created for user management and note
maintenance, the dynamic user is able to:

Delete the current notes made on the slide show exhibited on the shared
whiteboard
Change the border colour of the highlighted area
Visualise the existing notes of the slide show presentation (current or
past)
Visualise the notes in the sequence they were made
Initialise timing to recount the sequence of notes
Save the notes in the database
Connect the shared whiteboard to particular students automatically
Assign the control of the shared whiteboard to a semi-static user
With the options on the second toolbar, the dynamic user is able to insert

notes and signs as required in order to enhance explanations.

3. STUDENT NOTEBOOK AND BOOKMARKS
MANAGEMENT

The notebook allows USD users to take short notes about the web page
contents that constitute a teaching unit and to create a bookmark list for each
visited page in order to make and export a typical bookmark file for
Netscape navigator.

By incorporating the notebook in the USD navigation environment the
range of navigational tools is extended. The notebook facilitates the learning
and the memorisation process of the concepts from a teaching unit. It has
been observed during traditional classes that students get a better grasp of

–

–
–

–
–
–
–
–
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the subject and acquire knowledge more quickly if, in the learning
environment, they can summarise or extract the ideas in their own words.

The notebook allows the students to create their own notes when they
carry out learning activities inside USD. Right now, these notes are personal
and private but, hopefully, later on the possibility to share the notes with
other students and to send them by mail to any electronic destination will
exist.

The notes are stored in a USD database according to the page where they
were inserted and respecting the privacy of the user who made them.

This application has been developed in dynamic HTML using JavaScript,
Style Sheets and taking advantage of the DYNAPI libraries [10], which
permits working with layers in a dynamic and user-friendly manner.

3.1 General characteristics

The notebook, besides allowing the creation and destruction of
personalised notes, offers special tools for:

Changing the background colour of the note
Changing the size, colour and style of the font used
Clearing the note contents
Inserting links and images into the notes
Hiding and saving notes
Listing, deleting and exporting bookmarks
Access to this application is through the navigational toolbar available in

a USD teaching unit (See Figure 9).

–
–
–
–
–
–
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When opening a page, a user is able to visualise the saved notes that
he/she has taken in previous sessions (all or some) as well as to create new
ones, linking them or modifying them.

The application offers the possibility of defining the properties of the
notes, including size, background colour and size and colour of the font.
Default properties are: yellow background, font size 14, and font colour
black.

Besides inserting text into a note, the application also allows the insertion
of images and links, not only on the current page but on external pages of the
USD teaching unit as well. If the user wishes so, the external links can be
stored in an address book, available at any time if it was previously created
in the same teaching unit and in the current page. The address book will
create a typical bookmark file, easily exportable to Netscape navigator.

3.2 Usage example

To begin taking notes, to create notes and bookmarks maintenance, or to
visualise them, the user clicks on the notebook icon of the USD toolbar from
its virtual desktop (see Figure 9). Figure 10 shows the set of tools available
in this application.

The icon features are described below:
This is the only icon that the user
can use if the user has not created
any note at all. The default size for
new notes is 200x200 pixels.

To delete a note from the database.

To erase the contents of the current
note. In this case, the note properties
will be the same as the default ones.
To change the background colour of
the note.
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To choose and change the font
properties of the current note (size,
colour and style font).

To insert an image into the note.

To insert a link into the note.

To hide the current note.

To store the note in the database.

To manage the bookmark list.

Figure 11 shows the features of some of these icons.



4. CONCLUSIONS AND FUTURE WORK

The shared whiteboards system is intended as a support for collaborative
work and communication between students and teachers in carrying out an
on-line task with USD learning materials.

With the notebook application, the student will have complete freedom to
make summaries of and comments on the learning material offered in his/her
own words, a fundamental element in improving memorisation and
acquiring knowledge.

The development of these new functions for the USD platform implies an
improvement in the student’s working environment for learning activities of
a USD teaching unit.

Currently, the shared whiteboard manager works independently of the
USD environment. We are now testing it in a local area broadband
communication network and distributed systems group of the University of
Girona. The next phase consists of incorporating this tool within the
communication module of the USD environment. It will also allow students
to choose for visualising the explanations made on a shared whiteboard in
past sessions and to include simultaneous user interaction on the same shared
whiteboard, requiring a high degree of synchronisation of activities to
achieve the maximum efficiency.

As for future extensions of the notebook application, we plan to integrate
it into the USD information search engine for selective searches of notes or
bookmarks using keywords and to allow sharing the notes between students,
subject to the owner’s permission.
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Abstract: When developing intelligent tutoring systems, we design plan modules to
establish which order the concepts are to be presented to the student. This
option is feasible because these systems retain the control over navigation
through the sea of contents. In hypermedia systems the student has the control.
They decide which contents they want to visit next. In this paper we present a
way of adapting those didactic planning modules of intelligent tutoring
systems into help elements for those students with problems in adaptive
hypermedia systems for education. Our main objective is to preserve
constructive characteristics of the system.

1. INTRODUCTION

Intelligent Tutoring Systems (ITS) are generally based on instructive
theories: they have a series of predetermined didactic objectives to cover and
they plan the strategies so that the student can achieve them. A plan shows
the order in which the contents are presented and the messages given. ITS
also evaluate the feedback that the student provides and they update the
student's data from it, and if they consider it necessary they re-plan to
achieve the outlined objectives [1].

Interactive learning hyperenvironments (ILHE) are closer to constructive
learning theories [2]: students have control over the contents they want to
visit, they establish the visiting order and define their learning objectives.
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The system can probably establish certain methods to “motivate” learning,
such as activities [3].

The decision to use hypermedia technology implies yielding control over
the student's navigation through hyperspace. This is one of the points
confronting instructive and constructive theories defenders. Marchionini [4]
indicates that an undisciplined navigation through the contents can disorient
and even confuse the student. It is true that surfing through hyperspace
requires responsibility and the capacity to make decisions, characteristics
that any defender of the constructive paradigm considers necessary to
produce learning.

However, there are not only advantages with these systems. The use of
hypermedia, systems has certain risks that the content designer and users
should assume: hypermedia illiteracy, problems in creating hyperspace,
cognitive overload, and issues on orientation and getting lost in hyperspace.

Hypermedia systems impose a special way of working that has not yet
been standardised and which differs from traditional learning methods. For
this reason, all users require a certain familiarisation period which is usually
called hypermedia literacy [5]. Among other things, they should get to know
the user's interface and more specifically, the look & feel of the application
in which they are working. Fortunately, this problem is being overcome by
the appearance of browsers over HTML pages via Internet. Although some
experts in hypermedia defend the fact that many of the possibilities
considered by experts are not admitted, like those which are reflected in the
DEXTER hypermedia systems reference model [6].

The low familiarisation with this type of systems makes the creation of
hyperspace more complex for authors [7]. There are many elements that
must be considered, now that the documents do not have a lineal reading
sequence. On the one hand, context-independent nodes should be offered so
that the user cannot feel de-contextualised when accessing them because the
author has assumed that a way has been followed different from the expected
one. It is important to anticipate this type of problem and, even more
important, to avoid the tendency to use sequencing nodes to eliminate that
situation.

The problem of cognitive overload [5] may happen if too many links
have to be considered. This problem has two sides depending on whether we
consider the author or the user of the hyperspace environment. The first one,
as previously mentioned, occurs because the author must consider all
possible paths that could lead to a particular node and at a particular moment
they are not able to control them all. From the point of view of the user of
that hyperspace, they can decide to take certain “detours” during the search
for a particular content. Of course, the user has to remember to return the
appropriate way. If the detours are nested ones, one inside each other, there
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will be a moment when the number of links to be handled would be very
large.

In hypermedia learning systems, as the student decides (or is able to
decide) which contents to see next, they need to know where to find these
contents. This means that it is necessary for the student to create a mental
map with the organisation of the domain that is presented in order to be able
to locate the information that interests them within the hypermedia with the
minimum effort [8]. This map will help them to be guided through the
contents and to carry out the learning just as they wish. Complexity of
domains at certain times can cause the student to wander through hyperspace
without actually knowing exactly where they are or how to reach the part of
the domain contained in their mental maps. This problem is known as being
lost in hyperspace [9].

It is therefore necessary to help students make sure that they reach the
nodes they have interest in and that they find elements in hyperspace that
help them to make the decisions to successfully travel through hyperspace.

Not all students need the same help. Some need more than others [10].
Therefore, individualised attention is interesting as regards the assistance
given, so that the path taken is effective. Based on the conclusions of several
studies analysed, Tergan, [11] states that the amount of guidance given to the
student should be something that should not be completely decided by the
student since they do not usually choose the most appropriate guidance for
their characteristics. In particular, Ross & Morrison [12] show that, when
they are given the opportunity to choose, students that need more help are
generally those who choose lower levels and vice versa, those who do not
need it choose higher levels.

In this paper we present a simple way of offering guidance based on the
structure of the hyperspace and an organisation of the nodes when it is
created. Even though the guidance system can work independently, it is
designed to be included inside a learning ILHE like Hezinet [3], it considers
more elements in the student's model than are presented here, some of them
are also presented in this book [13]. In the following sections we present the
designed guidance module, starting with the concepts on which it is based
and showing an example that illustrates its operation inside an example
hyperspace.

2. GUIDING THE USER

To produce the adaptation of the navigation assistance, we have defined
guidance levels that establish the basis for the recommendation of links to be
followed by the student. However, the students will always be able to decide
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if they want to follow the suggestions given or not. The guidance offered
does not always have the same intensity, at certain times it is reduced;
depending on the itinerary the user is following, as we explain later.

A guidance level consists of the organisation of the nodes in the
hyperspace into groups with certain coherence. These groups, which we call
hyperdocuments, are associated to each other using pedagogic relationships
in the same way as the pedagogic domain of an intelligent tutoring system
does. The system will use these relationships to establish suggestions to the
student.

We will consider that a hyperdocument (from the guidance point of view)
is a group of nodes among which it is not necessary to recommend links to
follow. The system will only make suggestions over links that go from one
hyperdocument to another. The greater the hyperdocuments, the smaller the
need to guide the student. In practice, depending on the number of nodes in a
hyperdocument, it can include nodes on one concept, one point of view on a
subject, all the points of view on a subject, etc.

To illustrate the idea of guidance, the following figures show three
different levels of guidance (identified as Gl, G2 and G3) for a particular
portion of hyperspace or a hyperspace environment. This hyperspace is
formed by the nodes and links between them. The circles in the figure, with
names represented by letters from A to H, correspond to the nodes, and the
arrows between the nodes identify the links. To avoid naming the links, we
will use the name of the origin node and the destination node of each one of
the arrows, to refer to them. In this way, the link is the link
represented by the arrow whose origin is node A and destination is node B.
Likewise, we will abbreviate the representation of the links that have a
common destination by placing all the destinations after the corresponding
arrow. For example, represents the links and
In the same way, we will abbreviate the links with a common destination.
Therefore refers to the links and Finally we will
represent the hyperdocuments with shaded rectangles. To refer to the
hyperdocuments we will make reference to the nodes that the
hyperdocument contains, so that the hyperdocument AB is the one that
contains the nodes A and B.

The following figure represents guidance level Gl (left). It is an extreme
level in which a hyperdocument has been defined for each one of the nodes
in the hyperspace. On level G2 (on the right) wider hyperdocuments than on
level Gl have been defined as we can observe in the following figure. The
nodes and links are the same because the hyperspace has not changed; the
only thing that has changed is the way the nodes from the previous case are
grouped. In this case four hyperdocuments have been defined. We will
identify them by the nodes that compose them: AB, CDF, E and GH.
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Finally, at level G3 there is only one hyperdocument that includes all the
nodes in the hyperspace.

To illustrate the operation of the guidance module we will use the
hyperspace previously presented with those three guidance levels defined.
The guidance system can act in three different ways for each link: (1)
recommending the use of that link; (2) dissuading its use; and (3) neutral
behaviour in which no type of suggestion is established. The first two are
used when there are links between two hyperdocuments (alternately) whilst
the third is used when the link is inside the current hyperdocument.

On level G1 assistance is given by recommending or dissuading the
following every link of the node where the user is currently situated

and because all the
links are between hyperdocuments. The guidance message has more or less
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help depending on the knowledge about the nodes visited in the
hyperdocument as we show later on.

On level G2 there is no guidance in the links whose origin and
destination are in the same hyperdocument. This happens in link
inside hyperdocument AB, or link in hyperdocument CDF. Therefore,
guidance is only given in links and

On the other hand, when we are on level G3, the system does not provide
any assistance, since there is only one hyperdocument that includes all the
links and, therefore, there are no links between nodes of different
hyperdocuments.

The guidance levels will give us hints to advise the student to follow a
link (F), dissuaded them (D) or not make any type of recommendation (N).
The following table shows a summary of the assistance in the form of
guidance the system would provide. To simplify the process, let us suppose
that the system has analysed the links in the hyperspace, the relationships
between the hyperdocuments and the student's particular characteristics and
has decided that the visiting order of the recommended hyperdocuments6 is
A-B-C-D-E-F-G-H (alphabetical order) on level Gl, AB-CDF-E-GH on
level G2 and ABCDEFGH on level G3. Among the navigation
characteristics associated to the student we know that they are in node B and
that they have previously visited A. In the following paragraphs we describe
the table in more detail.

On guidance level G1 the visit to node C is recommended, which is the
node that contains hyperdocument C, which follows hyperdocument B in the
recommended path. All the references to the other nodes (D, E, F, G, and H)
are dissuaded except the link to the nodes in hyperdocument A (that is, to
node A), which would correspond to an already visited node and therefore
the negative recommendation would become neutral (we assume that the
student knows the organisation of the hyperdocuments which they have
come from).

On level G2 they are advised to visit nodes C, D and F, all of which
belong to the same hyperdocument (CDF), which is the one that follows

6 To simplify the example, we have considered that there is only one recommended path. The
system could decide that there is more than one possibility of visiting at a given time.
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hyperdocument AB according to the sequence that has already been set from
node B, where the user is found. It also dissuades visiting the nodes in the
other hyperdocuments, since they will be recommended later on. As we have
previously mentioned, the suggested nodes do not have to belong to only one
hyperdocument, there can be several. This decision has been taken to
simplify the illustration of the system operation. For example, you could
consider that after AB, the advisable hyperdocuments would be CDF and
GH. In such a case, the system could advise you to go to one of the nodes in
those hyperdocuments.

Finally, at level G3 there is only one hyperdocument and, therefore, no
indication will be given in the links offered.

2.1 Intensity of the guidance

The guidance that has been presented until now can offer certain
disorientating effects in the surfing. The problem arises from the neutral
behaviour with regards to the links with destination in nodes of the actual
hyperdocument as opposed to those that end in other hyperdocuments. Table
2 shows a conflicting itinerary carried out in the hyperspace that we are
using as an example with an intermediate level of guidance such as G2. We
will discuss this matter more thoroughly in the following paragraphs.

The starting point is node A (Step 1). As we are in guidance level G2 and
the link is internal to hyperdocument AB, the system's response is
neutral as regards recommendations. Since the only possibility that exists is
to follow one link, the decision made is to cross this link and reach node B.

Once at node B there are now more navigation possibilities represented
by links Assuming the previously mentioned
recommendation order, the system recommends following the links that lead
to hyperdocument CDF and it dissuades the links that lead to the other
hyperdocuments (E and GH). In this position the user decides to follow the
link

The link is recommended from node D, the links are
dissuaded and the links remain neutral. The recommendation made
at this time is problematic. It is not coherent that after arriving at a
hyperdocument with more than one node you intend to visit another
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hyperdocument without first visiting the contents included in the current
hyperdocument. The solution to this problem is given through the creation of
an additional behaviour to the guidance that reinforces or reduces its
intensity. This means that the guidance that is offered does not always have
the same strength, it depends on the itinerary that the user follows. The
intensity grows when the current hyperdocument is known.

The intensity of the guidance defines the degree of rotundity in the
assistance offered by the guidance module. It should be less convincing
when they have just arrived at a hyperdocument than when they have been
navigating through it for some time.

The alternative behaviour of the system in Step 3 is reflected in Table 2
as (3'). Once they have arrived at D (the first node in the hyperdocument
CDF) the recommendation to go to E has to have less intensity (represented
by the sign '-') than when they visited nodes C and F. In this way, the nodes
in the current hyperdocument (in this case only F, represented by a '+' sign)
are placed in front of those in other hyperdocuments that can be reached, in
the list of recommendations. In any case, the student can ignore the
indications proposed and choose the path that best suits them, since the
control is given to them.

The system will be guided to establish the student's knowledge on the
contents of a hyperdocument in the nodes visited, the time that they have
spent in each one of them. It is also possible to add other parameters if the
system analyses the knowledge acquired by the student.

2.2 Initial level of guidance and changes in levels

One of the decisions that will be important when checking the behaviour
of the students when using the system is to determine the initial state of the
level of guidance that the system provides. If there is no previous data, the
error is minimised by offering an intermediary level of guidance, which can
be corrected after observing the students' behavioural patterns with the
system. If the system is offered for different pedagogic domains, the initial
level can be based on the level that they had in the domains that have been
previously worked in.

When the guidance was designed the possibility that the guidance levels
could change during the course of the navigation through the hyperspace was
considered. In our case, a change on the level of guidance implies that the
hyperdocuments that must be considered to propose the help also change and
therefore the system associated behaviour changes.

When you go from one level with larger hyperdocuments to another level
with smaller hyperdocuments the level of assistance offered is greater. This
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will happen when you go from level G2 to level Gl. There will be a greater
number of suggestions offered after the change.

If the change on the level of guidance implies that the new
hyperdocuments are larger (for example, from Gl to G2), the orientation
offered will be smaller.

In general, the level changes can cause certain disorientation when
changes in the student's expected behaviour take place. If help appears that
did not previously exist in a link, the student may think that it is a new link.
The same thing can happen if the assistance given disappears. Therefore in
this module it is a rule to warn the student so that they are aware of the
changes that have taken place and they can find an explanation in the
changes that take place when working with the system. In any case this point
is not considered problematic if the level changes are established because
they will always be based on the initiative that the student demonstrates.

3. CONCLUSIONS

In this paper a new method is presented to offer help to the users of a
hypermedia system based on the level of guidance and hyperdocument
concept. To aid interaction with the user an order of recommendation for the
links is not established (even though it does exist), it helps just by using the
suitability of surfing through some of the links that are available to the
student.

The system does not impose any restrictions on the student who surfs
through the hyperspace, so that the constructive behaviour of the system is
preserved. It only offers assistance to those who do not have enough
initiative or motivation to accept the responsibility implied by the control
offered when using a hypermedia system.

The system is always present, it offers its help even if the student ignores
it. Some systems, such as ELM-ART [14] eliminate the suggestions as soon
as the student ignores them. In the definition of this help system we have
considered the fact that the student can de-activate the help or reactivate it
(at the level that has been assigned to them) when he/she feels it is
necessary. Nevertheless, help is always offered. The system assumes that if
the student does not pay attention to the suggestions it is because their own
initiative advises them to follow the links. However, the later help will be
affected by the graduation of the intensity in the recommendations.

The system proposed is not only a simple way to work in a hyperspace
that is not proven, but it is one of the possible improvements to install in the
Hezinet system [15].
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Abstract:          Creators of hypermedia documents for interactive learning hyperenvironments
for instruction frequently need to establish certain restrictions on the
navigation in hyperspace. They are normally influenced by a specific learning
strategy. For example, they may not want a student to visit nodes on
multiplication before visiting nodes related to addition. In traditional systems
those restrictions are established by limiting the existence of the elements that
make the relationship between concepts effective: links. In this paper we
propose a simple way of limiting access, by avoiding the creation of incorrect
mental maps of hyperspace by the student.

1. INTRODUCTION

Creators of hypermedia documents for interactive learning
hyperenvironments (ILHE) frequently need to establish certain restrictions
on the navigation in hyperspace. They are usually influenced by a specific
learning strategy. For example, they may not want a student to visit nodes on
multiplication before visiting nodes related to addition. In traditional systems
those restrictions are established by limiting the existence of elements that
make the relationship between concepts effective: links. There are at least
four methods of carrying out this limitation. They are described as follows
and summarised in Table 1.
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The first method does not limit navigation. All links are shown in every
node. It is the method that defenders of constructive theories would propose
[1, 2] since they suggest that it is the student who actually defines the
learning strategy. This decision implies an increase in the cognitive load the
student has to work with, which can be counterproductive [3], especially
when the number of options increases after each link visited. Likewise, if
appropriate links are not chosen the existence of so many links may result in
disorientation.

The second method consists in eliminating the links contrary to the
pedagogical strategy being used. In this case, it is an instructive pedagogical
strategy. Within the nodes, it eliminates those links to nodes which,
according to the prevailing pedagogical strategy, should not be presented at
that moment. This presupposes that the system controls the student's path
along hyperspace and only provides suitable links in order to present the
concepts appropriately. This option provides the least cognitive load because
links that would appear in other cases are eliminated. In addition, the
reduction in links means that there are fewer possibilities that new learners
of the subjects could become disorientated. In any case, the main result of
this method is that the pedagogical strategy may avoid the appearance of
links that associate related ideas [4]. This situation can lead the students who
partially know the domain to feel disorientated by the non-existence of
certain links and the new students to build mental models from the
incomplete domain that will lack the relationships that do not appear.

The third method consists in showing all the available links, but
deactivating certain anchors, those which meet certain conditions defined a
priori such as, for instance, having previously visited the destination node,
meeting the conditions of a particular pedagogical strategy, etc. This system
is a mixture of the two previous methods, since it shows all the links but
only makes some of them available. The interface should be able to
differentiate each one of them. The student will then choose a link from the
available links shown. As they advance through hyperspace, the conditions
will be different and the visit to a particular node can cause the activation of
more links in that node. This method reduces the student's cognitive load to
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levels somewhat higher than method 2, because even though more links are
shown here, only some of them are available.

The fourth method consists in hiding certain links. The node has all links
but the system only shows those that meet certain conditions defined a priori.
Before presenting the node the system checks if each link meets the
conditions and it decides to present it or not, as appropriate. As in the
previous method, the interaction with the system will make conditions vary
and therefore the number of links shown in a particular node over the time
will also vary. Cognitive load provided in this case is smaller since there are
no unusable links. However, this can cause certain disorientation problems
to the student.

The disorientation that may be caused is the same as if a person visited a
place they did not know, such as the garden in Figure 1 twice. They can
notice details such as the doors, the trees, the walls, the rest of the
landscape...

If the second time they visit the same place, the landscape has changed,
because there is an extra door, like in Figure 2, it will be difficult to
recognise it as the same place that they had previously been to. However, if
details such as which doors were closed and which were open had changed
from one visit to the next, the colour of the doors, or the trees had been
pruned... they would not get lost so easily.

This same thing happens with nodes and hiding links. If between two
visits to one node, links appear or disappear, the students will encounter
more difficulties in locating themselves within hyperspace. We must
remember that these paths through hyperspace are usually to discover new
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nodes and one node with more links may be mistaken for a different one,
thus causing the mental map of hyperspace to be incorrectly built.

We consider that if it is necessary to establish access limitations in
hyperspace of an ILHE, method 3 is the most suitable method. This option is
flexible enough to change to method 1 and methods 2 and 4 if it is
complemented with a tool controlled by the student (not the system) that
enables hiding links which meet certain conditions (those visited, those that
are not operative, etc.). In this way it is the actual designer of that portion of
hyperspace who decides on the behaviour of the system [5].

The following sections show a method we have devised to provide
certain limitations on the access to hyperspace as a result of the adaptation to
pedagogical strategies that can be proposed. This method is included in the
Hezinet system [6]. A fictitious hyperspace has been used to simplify the
presentation of the links, avoiding semantic problems when working with
them and locating the necessary examples without making it more complex.

2. ADAPTING A PORTION OF HYPERSPACE TO
PEDAGOGICAL STRATEGIES

In order to limit access to certain parts of the hyperspace the author is
asked to define the free navigation areas (FNAs). A free navigation area is a
group of nodes usually related by the concepts that they cover through which
the user can surf freely.

The extent of FNAs indicates the amount of control given to the student.
It depends on the user's cognitive capabilities, the structure of the actual
domain and the dexterity with the surfing interface that the system has [7].
The greater the dexterity with the interface (or the simpler the interface is),
the greater the FNAs a given student can control [8].

The group of FNAs covering the whole pedagogical domain (hyperspace)
constitutes a level of accessibility. The operation of this module is based on
them to establish limitations on the surfing. Different levels of accessibility
can be defined for one same hypermedia document, as many as degrees of
adaptation to the user in the limitation to be created. These levels of
accessibility can coincide with a different organisation of the nodes to be
established (lessons, chapters, wider concepts, etc.).

2.1 Operation of the accessibility limitation module

The module that limits the width of the hyperspace is based on the
definition of the levels of accessibility mentioned in the previous section.
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One particular user always stays on one of those levels. A partial ordering of
the navigation between the different FNAs must be given, based on the
relationships that have been entered to implement the required pedagogical
strategy. This ordering can be directly defined by the author of the
hyperspace or deducted by another intelligent module by observing the
characteristics of the pedagogical domain.

This module shows and activates all anchors corresponding to links with
a destination within the FNA and it only shows the anchors of those that go
to areas different from the current one. In this way, the student is aware of
which links can be seen and which cannot. The minimum number of areas
available to the student is 1.

The possibility that the student could pass from one area to another is
restricted to certain conditions which the system must evaluate and which
basically consist in making sure that the student is familiar with the areas
that were previously accessible.

Once conditions that allow access to an area have been verified, the
system activates the anchors of the links that give access to it. Although it is
generally considered that the hyperspace will increase in one by one areas,
we do not restrict the possibility that at a certain moment the possibility of
accessing two areas exists as in a branch.

The hyperspace in Figures 3, 4 and 5 will be used to describe the system
operation. There are three different levels of accessibility: A1 (Figure 3), A2
(Figure 4) and A3 (Figure 5). At level A1 each one of the nodes is included
in a different FNA. At level A3 there is only one area that includes all the
nodes. Finally, level A2 is made up of four FNAs (those formed by the
nodes AB, CD, EF and GH).

As previously indicated, it is necessary to define a partial ordering of
navigation of FNAs. Whether the ordering is obtained automatically or not is
irrelevant for the explanation of the module operation. In the three cases we
will assume that the ordering determined for level of accessibility A1 is A-
B-C-D-E-F-G-H. At level A2 the FNAs are composed by the nodes AB-CD-
EF-GH and at level A3, there is obviously no ordering since there is only
one FNA: ABCDEFGH.

It is also assumed that nodes A and B have already been visited (for this
reason they are shaded in) and that the user is currently at node B.

For simplicity, it is also assumed that once the student visits a node, the
node is considered visited at that moment and this is the condition set to give
access to the following area(s). This means that in order to give a student
access to node C on level A1 they must have visited the previous free surfing
area (which contains node B) and we consider this to happen when node B is
visited (and they would already know it). Similarly, in order to access free
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surfing area CD they must have first visited nodes A and B (and therefore
they would have learnt the knowledge associated to the area AB).

Table 2 shows the access possibilities between the different nodes on the
different levels of accessibility, which are explained in the following
paragraphs. Each link has two states: they can be available (A) or not (N).
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At level A1, the student can only access the nodes one by one. Therefore,
when they arrive at node B all the links from that node will be available.
However, they will only be able to cross those that lead to already visited
nodes (A), those which lead to other nodes belonging to the available surfing
areas at that moment (in this case only A) or links that the system decides
can become visible (such as C).

At level A2, access is guaranteed to the nodes within the visible
hyperdocuments (A, B, C and D, because AB have already been visited and
the links to CD are activated once AB have been visited). If the
hyperdocument EF were also visible, then access would be possible to the
nodes A, B, C, D, E and F.

Finally, at level A3, the system enables direct access to all the nodes in
the only FNA from the start, (which coincides with the hyperspace) provided
that a link that leads to the nodes exists.

2.2 The levels of accessibility

The decision about the navigation ability to assign to a new student is one
of the first tasks that should be undertaken and it is essential to assure the
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appropriate operation of the module. An incorrect decision on this level may
make the student feel restricted by the scarce hyperspace available or
overwhelmed (overloaded) by very extensive hyperspace, thus causing the
student to reject the learning method.

Even though the objective of this module is to personalise the system's
behaviour to the student's characteristics, at the beginning there is no data
about the student's characteristics. We must remember that if the student has
not worked with the system before it is advisable to use broader limitations
at the beginning than those to determine the degree of system structuring, at
least until the user is familiar with the system interface. Previous experience
with the system (even in a different domain) may imply the use of wider free
surfing areas because there is already one less obstacle to overcome
(familiarisation with the system).

The number of accessible areas at the start usually depends on the
student's knowledge of the domain presented in the hyperspace. All
demonstrated knowledge has to redound in areas of the hyperspace where
the student can navigate. However, only if the dexterity in the navigation is
very low, the accessibility to smaller free surfing areas is recommended. The
hyperspace will be widened relatively quickly, as the student becomes more
familiar with its organisation so that in a short time all the knowledge
demonstrated to be known is made available.

Anticipating that the levels of accessibility change throughout the course
of the student's surfing, the module provides certain flexibility to adapt the
levels of accessibility dynamically throughout a session. In this way, the risk
that an incorrect initial decision will cause undesired effects is-reduced. The
actual system carries out the adaptation after a request from the student's
supervisor, and even if the actual user considers it necessary, from
himself/herself. Certain: problems are associated with the level changes,
which we will discuss later on.

The levels of accessibility can represent teaching strategies which are
different from the domain. Therefore, different levels of accessibility can
exist which do not correspond to equivalent abilities but correspond to the
presentation of the domain from a different point of view. For example, a
computer science course could be grouped according to the languages
offered, the hardware used, or the operating systems, etc. All these ways of
organising can be prepared for beginner students in computer science. Figure
6 shows this possibility graphically for the hyperspace shown, for example,
in figure 3 assuming that there are only four levels of accessibility: A1, A21,
A22 and A3. Level A1 is from Figure 3. Level A21 can be organised in four
possible ways as shown in the lower part of Figure 6. Level A22 can be
organised in two ways and finally we have level A3 from Figure 5.
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2.3 Changing the level of accessibility

The module allows changing the level of accessibility. It is recommended
that the levels of accessibility to be changed use the same pedagogical
strategy. The change can be carried out on the initiative of the student, the
system or the student's supervisor.

When the student's level of accessibility is changed the hyperspace can
change radically. The student has to be aware of this modification because
the FNAs defined will change and this situation can be disorientating. The
system is also aware of it and therefore controls the fact that the hyperspace
visited by the student remains exactly the same as when the student visited it
and in the nodes that have not been visited it operates as if they were at a
new level. To do this, when a change has taken place the student is informed
of it. The student will observe the evolution in the accessibility of the links.
When the level of accessibility increases, more links will become available.
Otherwise, the hyperspace will decrease and as expected some accessible
links will become inaccessible.

The module classifies all the links of one node as available or not
depending on the current area, the current node, the level of accessibility
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where the student is, and the actual destination of the link. They are given a
label according to this classification and it is displayed next to the link. In
this way, when the students build mental maps corresponding to the
hyperspace, they have already seen all the links of one node.

The changes in the level of accessibility to wider areas do not cause any
problems, since they only consist of making more links available. On the
other hand if the areas decrease the change becomes more problematic. To
clarify the system operation, let us assume that a user is at level A3 and at a
given moment the access level is reduced to level A2. Let us also assume
that on the new level, after an analysis of the student's knowledge, area CD
is available but EF and GH are not. The system behaves differently
depending on the current node and the relative position of the nodes visited
against the areas available on the new level. Three different cases can be
found which are described in the following sections.

2.3.1 Case 1: The nodes visited are a subset of the nodes in the
accessible areas on the new level

The associated behaviour is to directly reduce accessibility, since there
are no problems that impede it. Figure 7 shows a possible example of this
case. Nodes A, B and D have been visited and the accessible areas on the
new level are AB and CD, therefore the visible nodes are A, B, C and D,
thus leaving areas EF and GH not available at the new level.

2.3.2 Case 2: Visited nodes exist that belong to areas that are not
accessible on the new level and the current node is inside the
accessible areas on the new level

The system directly restricts accessibility (Figure 8). In this case the
nodes visited are A, B and F. The current node is node B which is inside the
accessible areas AB and CD. Access to areas EF and GH has been blocked
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(even to node F). The student must be informed of the level change and must
be aware that access to node F has been closed because of the level change
and that this does not have to affect the construction of any mental maps that
were being created.

2.3.3 Case 3: Visited nodes exist and the current node belongs to
non-accessible areas on the new level

In this case it is not possible to directly restrict the access since the user is
inside a node that should be beyond their scope. Therefore the system makes
all the nodes visited inside the area accessible while the student is inside it.
As soon as the student leaves the hyperdocument the access to the
hyperdocument will be prohibited until the necessary requirements are met
so that it is opened on that level again.

This situation is not sufficient enough; the system must make sure that
there is a path to the visible nodes on the new level. Otherwise, the system
could leave the student isolated in a non-accessible area, as shown in Figure
10. G is the current node and after the level change, if area EF is left
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inaccessible then the student does not have the possibility to reach accessible
areas AB and CD. The system must therefore leave the links to the nodes
already visited in the inaccessible areas visible, so that the student can return
to the permitted area of the hyperspace. The student will never be able to see
new nodes inside the inaccessible areas.

3. CONCLUSIONS

In the previous sections we have described a method to limit access
inside a hypermedia system for education so that the student's behaviour
adapts to pedagogical strategies that could be designed. The method is very
easy from the point of view of the author of the hyperspace because it is
based on simple methods to contain the hyperspace nodes. Likewise, we
have briefly looked at some of the problems that could arise with alternative
hyperspace limitation methods and the way to overcome these problems with
the proposed method. They are basically centred on not hindering the
creation of student's mental maps of hyperspace, a problem that is
reproduced when proposing a change on the level of accessibility during the
student's navigation.

The adaptation of hyperspace provides instructive characteristics to
hypermedia that enable the actual system to keep a certain part of the control
that is yielded to the student when using hypermedia. However, the system
has the necessary flexibility to be able to ignore these instructive
characteristics if necessary. This enables this kind of systems to be used for
instructive and constructive learning purposes. In the first case, more
features are made available to the creator of the hyperspace.

The system proposed can avoid problems associated with hypermedia
systems, such as disorientation, since it carefully avoids offering nodes that
have different appearances (different links available) at different moments in
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time. Cognitive overload problems are also decreased because the number of
links available to the student decreases. Likewise, the level of accessibility
that is assigned to the student is variable so that it can adapt to their changing
characteristics and increase the level of accessibility (the number of areas
available) as the navigation ability increases and the organisation of the
nodes that compose the working domain are learnt.

In any case, it must be said that this learning control system is based on
the assumption that visiting a hypermedia node means that the contents it
shows have been learnt, which may be very presumptuous. Therefore, we
must say that the hypermedia learning system should be completed using
elements that guarantee the learning acquisition and allow its transfer to new
contexts to be checked. The HEZINET system incorporates an adaptive
evaluation system based on the path covered, for example.
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Abstract: This paper is devoted to a way of intending to improve the language mastery
of students in every subject and in a broad range of education levels by using
computer-based tools involving linguistic resources. Lexicon concepts useful
for language learning are involved in dictionaries and other kinds of linguistic
resources. These concepts (vocabulary, meanings, semantic categories,
semantic relationships, and taxonomy) are pointed out. Claim is made for
using new environments and computer-human interfaces based on these
concepts which define the pedagogical goals. Envisioning the foreseen
collaborative instruction tasks, claim is made for the constructionist model of
learning. Authoring and consulting electronic linguistic resources are the main
tasks to reach the defined goals. The conceptual model appropriate for
developing any software system taking into account all these principles is
discussed, and the reached entity-relationship model is presented. We further
present the developed tools for creating bilingual linguistic resources, which
could allow reaching the foreseen learning goals. The authoring tool supports
consistency of the intended semantics of the lexicon and enables the detection
of omissions and inconsistencies, and the user tool is a graphical user interface
for queries. These tools can be advantageously used in language teaching.

“Computers should improve learning and teaching into the classroom”. Schneiderman [1]
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1. INTRODUCTION

The challenge of integrating computers in education is mandatory but the
traditional resistance of the Education World to innovation is well known.
This is the general source of difficulties for exploiting the potentialities of
New Technologies into Education [2]. Some very common facts observed in
educational centres illustrate this assertion: lack of hardware in schools, lack
of quality software, limitations of imported software, lack of reliable and
trustworthy reviews or evaluations, etc.

The use of computers in the school must be controlled by the teacher [3]
and so, he/she must be prepared for and aided in assuming this control.
Besides the general Computer Literacy that every teacher must currently
have, our “user teacher” should have a specific training in “Computers and
Education” [4]. Particularly important is the aspect of Language, which we
mention here because of its influence in the involved computer-based
applications, not only in the direct communication between teacher and
learner.

But generally, there is lack of support and appropriate training for
teachers. Besides these difficulties, when teachers are committed to apply
computers to the classroom, they detect a diversity of problems inhibiting
the use of computers across the curriculum [5], some common ones are:
quality of software, access to software, picking out useful software for their
own teaching, much of the existing software is difficult to integrate into
teaching, often teachers must put in more preparation time before the
computer can be used in the classroom, etc. Moreover, as the learning
approach changes, new problems appear. The changes are centred in the
dynamics of learning, that is, the learner’s processes for understanding. This
new vision of the nature of learning is based on cognitive theories [6], [7]
and it induces new ways of teaching [8]. Acquiring knowledge is an active
construction process of the learner.

With this new vision in mind, the materials needed for teaching could be
constructed thinking firstly in the learner more than in the curriculum [9]. As
a consequence, new computer-based materials and tools should be created
for aiding to the learner. Computer-based tools are necessary for off-load
heavy, time consuming and boring activities: calculators, symbolic
manipulators, graphic and statistical tools, computer-based laboratories,
word processors, spread sheets, data bases, graphic editors, and so on. More
important, the activities involved must induce motivation [10].

When weak domains in the student skills and knowledge are detected, it
is mandatory to fill the gap by applying appropriate computer-based
environments. An especially weak domain is Language. There exist a
worrying lack in the mother tongue mastery of the young and not so young
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people, as it has been recently shown by reliable inquiries made in Spain, but
more or less strongly the problem is felt all around the world. The key part
of the language misunderstanding is lexicon. There is experimental evidence
of reading comprehension dependency of the vocabulary [11, 12].

In order to improve the level of language mastery, every pupil ought to
handle specific tools with facilities for creation, consulting and modification
of language parts. The conventional dictionary, glossary, thesaurus,
encyclopaedia, etc., electronic (mere electronic copy of the printed ones) or
not, have been put in classroom for browsing and consulting purposes. It
seems that electronic resources of this kind could motivate to the student
more than paper ones. Firstly allowing to the student more easily and quickly
to look up terms. Moreover, the computer could allow the development of
new tasks with clear pedagogical goals according to the learning model
based on constructionism [13]. This implies a new approach to the concept
of electronic linguistic resources other than the electronic counterparts of the
printed ones [14]. It is necessary to distinguish between machine-readable
and machine-tractable dictionaries, as well as for every language resource.

The global pedagogical goal to be reached is word meaning [15]. Word
definition is a task for intending to reach the learning of word meaning
dependency on other words, as word classification is similar with respect to
semantic categories. Specific goals are diverse relationships among terms
such as polysemy and synonymy, and their implications into classification.
There are involved concepts of the real world and relationships among them
such as hypernymy and hyponymy closely attached to ontology [16]. The
relations between two words of different languages are given through the
ontology and its connection to both lexicons. All these goals can be reached
following a constructive and collaborative way among students and the
teacher in the classroom. This could only be efficiently done with
appropriate tools and friendly usable interfaces as a whole responsive
environment [17].

The intention is to improve the language mastery of students in every
subject and in a broad range of education levels by using computer-based
tools for authoring and consulting electronic linguistic resources. In order to
situate the envisioned tools in their correct instructional place, one must
distinguish between constructionist learning in user controlled environments
(fully free environments) and navigation in hypermedia ones [18]. The
envisioned tools belong to the first one of these two models of learning, the
second one being more appropriate for learning other parts than lexicon [19].
Nonetheless, both are complementary and not absolutely separate [20]. As
the second one has been extensively treated in the past [21], the first one is
highlighted here. In this paper, we present computer-based tools for
authoring and consulting multilingual lexical resources supporting
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ontologies. Our intention is to fill a gap in the niche of constructionist tools
for improving the language mastery of students in every subject, which can
be applied to a broad range of education levels. Moreover, we believe that
each one must build his/her own personal dictionary along his/her entire life.
Our tools aid to reach these goals. As far as we know, there are no similar
tools to ours described in the literature.

This paper is organised as follows. In section 2, we highlight some
linguistic concepts involved in multilingual dictionaries which are useful for
language learning. In section 3, we present the conceptual model of the
terminological database incorporated in our tools, which is illustrative for
formalising the learning concepts of multilingual dictionaries. Section 4
presents the interface and functionalities of the software tools we have
developed. Our first computer-based tool, a user tool for querying a bilingual
dictionary, is presented in section 4.1. In section 4.2 we present our second
computer-based tool, the author tool for creating bilingual dictionaries,
which allows the accomplishment of more learning goals. Finally, section 5
summarises some conclusions and provides hints for future and related work.

2. LINGUISTIC CONCEPTS INCORPORATED IN
OUR PROPOSAL

Linguistic concepts incorporated in computing systems devoted to
Natural Language Processing are pointed out because of their relevance in
the definition of the pedagogical goals. These systems subsume the
conventional ones (paper dictionaries and the like). The links among these
concepts and the pedagogical goals are highlighted. Lack of the kind of
dictionaries we propose has been felt, as Fillmore et al. [22] states:

“... we imagine, for some distant future, an online lexical resource, which
we can refer to as a ‘frame-based’ dictionary, which will be adequate to our
aims. In such a dictionary (housed on a workstation with multiple
windowing capabilities), individual word senses, relationships among the
senses of the polysemous words, and relationships between (senses of)
semantically related words will be linked with the cognitive structures (or
‘frames’), knowledge of which is presupposed by the concepts encoded by
the words.”

In addition to the above need, a pedagogical goal is to reach a
customisable personal dictionary that allows other functionalities such as
personal notes, taxonomies, etc., which are not included in conventional
dictionaries.
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2.1 Order, Classification, and Ontology

Typically, monolingual dictionaries show an alphabetical order that can
be seen as a simple term classification: terms are classified in singletons by
its lexicographic form. Other possible less naïve classifications are
derivative (root-shape), grammatical, and semantic. Derivative
classifications [23] are not common, and grammatical classifications are not
intended for dictionaries. Finally, semantic classification groups terms by
semantic categories (for instance, synonym and antonym dictionaries, or
ideological dictionaries [24].) Semantic categories not also allow meaning
classification, but the more meaningful taxonomy of meanings.
Conventional lexical databases, such as WordNet [25], have term
classification such as synonymy (grouped in the so called synsets.)
Ontologies go beyond by playing the role of meaning taxonomy [26]. Our
tools do support this important concept as will be explained along the paper.

Semantic categories are useless for term lookups since meanings will
correspond, in general, to a set of (synonym) terms7. However, it has an
important role on learning by both using and authoring dictionaries because
each meaning of a given term (polysemy and/or homonymy) is precisely
identified by its semantic category (categories from now on, for the sake of
brevity), instead of the usual nonsense sequential number8. Therefore,
semantic categories provide classification for meanings, and such
classification can be arranged in a taxonomy. But this not straightforwardly
implies a term order since meanings are abstract ideas that cannot be
expressed in general by one distinctive word9. It is commonly acknowledged
that the best order for lookups is lexicographic (a derivative classification is
a counterexample for this, but it still keeps a lexicographical order by
repeating entries and adding links.) Figure 1 resumes the order for
taxonomies in a hierarchy; it shows a taxonomy of categories along with the
set of terms belonging to each category. From this point of view, there is a
complete lexicographic order (provided categories are identified with terms
or phrases.) A hierarchy is a natural structure for meaning classification.
Each node in the hierarchy corresponds to a category. In principle, every
category in the hierarchy can be used, no matter its hierarchy level. It must
be noted that every category in the hierarchy contains at least the term which
names the category, so that all categories are non-empty. On the other hand,

7 Nevertheless, there are other kinds of term lookups as ideological dictionaries show.
8 However, meaning identifications by numbers also show a coarse classification; e.g. Tech.

for Technical.
9 The question is: Which is the best word to represent a meaning? In general, there are several

(synonym) words representing the same meaning.
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the creation of new categories as intersection of several predefined ones
should be avoided, in order to reach compactness.

3. EDUCATIONAL GOALS

From an educational point of view, the goal for students is not to develop
a general dictionary (obviously, it is a huge work which linguistic
researchers are still carrying out nowadays), but specialised and limited
dictionaries that restrict the linguistic domain to make the categorisation of
meanings and the definition of the taxonomy easier. There are a number of
advantages in classifying meanings as a taxonomy. First, meaning taxonomy
is a useful facility for an electronic dictionary because meanings embody
additional semantics which provides more information to the reader (more
than that of sequential numbers noted above.) Second, the system may also
gain a new dimension because it is possible to automatically generate
specialised dictionaries under different categories (a sports dictionary may
deal with soccer, tennis, or baseball dictionaries.) Third, it helps to develop a
balanced dictionary by adding enough terms from different categories.
Having the terms classified, it is easy to check out how many terms are
under a given category. Fourth, it also helps to distribute the work between
several authors by assigning categories to authors. A team of authors may
develop a complete specialised dictionary by dividing the work by categories
so that collaborative work is promoted for students. This finally means that
the categories must be defined, which implies an added bonus for
educational purposes, since it means that students have to organise ideas in a
formal way, supported by the implementation of the author tool (covered in
the next section.) Additionally, meaning classification can be done under a
grammatical criteria, that is, categories can refer to grammatical properties
of words (nouns, verbs, ...), so that students can also learn grammatical
aspects in this way.
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3.1 Polysemy and Synonymy

In every language there exists the well-known naming problem, which
consists of two elements: one is polysemy (under the synchronic point of
view, that is, embodying polysemy itself and homonymy), by which a term
can have several meanings; and the other is synonymy, by which one
meaning can be assigned to different terms, as can be observed in Figure 2.
In this Figure, Term 1 and Term 2 are synonyms and have a shared meaning,
as so for Term 2 and Term3, under another meaning. Moreover, Term 2 is
polysemic since it has two possible meanings.

3.2 Relationships

Here we do some remarks about the relationships between categories,
meanings and terms. On the one hand, a given term can belong to several
categories under different meanings. On the other hand, a given term can
belong to several categories under the same meaning. Figure 2.3 shows two
categories (C1 and C2) which respectively contain the meanings {M11,
M12, M} and {M, M21, M22}. Each meaning has one or more terms
associated. The term T2 is associated to meanings M12 and M21, which
respectively belong to categories C1 and C2. We also show the term T that is
assigned to meaning M, which belongs to both categories C1 and C2.
Polysemy is present in T2, and synonymy is also present in T3, and T4, as it
can be seen. T1 is neither polysemic nor synonym. TC1 and TC2 are the
terms used to denote categories C1 and C2, respectively.
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In this figure, the set of meanings {M11, M12, M} in C1 is the
extensional definition of category C1. We must also note that a category has
a meaning described by a definition. This figure does not embody this fact.
In order to embody the meanings related to categories, we transform the
scheme of Figure 3 to the one depicted in Figure 2.4. Now, C1 is the
meaning of the category C1, and TC1 is the term assigned to such meaning,
and the same applies to C2 and TC2. Then, we have one more meaning in
each category. This meaning is the intensional definition of the category.

For a given language, we have a set of terms that holds the relationships
with categories and meanings shown in Figure 2.4. If we now think of
several languages, the same applies for each one. Then, relationships
between terms from different languages come from considering jointly the
involved schemes.

3.3 Foreign Language Learning

Besides the advantages noted above in using and authoring electronic
dictionaries with ontologies for language learning, we also consider foreign
language learning under, first, the same lexicon meaning point of view, and
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second, the relationships between the foreign language and the mother
tongue, that is, a multilingual electronic dictionary with support for
ontologies. The key idea here is to develop an environment which embodies
the linguistic concepts noted above for both the mother tongue and one or
more foreign languages. This environment will be a multilingual electronic
dictionary with ontologies, and it can allow reaching several teaching goals.
First, the assimilation of the foreign lexicon in a constructive way. Second,
the mastery of the foreign language when defining meanings in the foreign
language. Third, if grammatical criteria are applied to classification, then
foreign grammatical properties of the foreign language can be exerted.
Finally, the student can comprehend the language independence notion of
meanings, so that semantic categories can independently be defined from the
language.

4. CONCEPTUAL MODEL OF THE
TERMINOLOGICAL DATABASE (TDB)

There are different TDBs built for different purposes. Some of them have
incorporated the ontology structure and, so they could possibly be used for
the pedagogical goals proposed above. But there are a lot of difficulties
when intending to do this, not being the less the fact that these very large
databases are yet complete or almost complete. So only the tools for building
terminological databases are needed. Moreover, the development of this kind
of tools must be made taking into account the pedagogical goals which have
not been the case of the LDB already built.

Our work in developing the tools is based on a sound conceptual model
for the terminological database which shall eventually hold the terms,
definitions, meanings, and semantic categories. Since it is intended to deal
with two or more languages (bilingual or multilingual dictionaries), we need
to represent instances of terms, textual definitions, and textual semantic
categories for each language, but, as meanings are not language dependent,
we shall use unique representations for them.

The entity-relationship model is used to describe the conceptual model
we propose shown in Figure 5. In this Figure (following some
recommendations in [27] and [28]), entity sets are represented with
rectangles, attributes with ellipses, and relationship sets with directed and
undirected lines. If B has an incoming line from A, this denotes a one (A) to
many (B) mapping cardinality. Double arrows denote many to many
mapping cardinalities. Undirected lines denote both one to one mapping
cardinalities, when connecting entities, and attributes of entities, when
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connecting attributes to entities. Relationship set names (not shown in this
Figure) label each line.

For the sake of clarity and conciseness, in this Figure we show an
instance of a multilingual terminological data base for only Spanish and
English languages, but it naturally derives from the general model depicted
in Figure 7 (where Li denotes the i-th language, .) In Figure 5 we
depict the entity Meaning, the central entity other entities rest on. In fact, this
is the entity which is language independent. The entity SynSet denotes the
English synonym set (SynSet - Synonym Set.) The relationship set between
both entities is one to one. The entity Term represents all the English terms
that compose the terminological database. The relationship set between
SynSet and Term is many to many since a synonym set contains several
terms, and a term may be contained in several synonym sets (obviously, with
different meanings). Figure 6 embodies this idea, in which Term 1 and Term
2 are synonyms and has a shared meaning, as so for Term 2 and Term 3,
under another meaning. Moreover, Term 2 is polysemic.

The entity See denotes the set of English terms related under a given
meaning. The relationship set between Meaning and See is one to one. The
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relationship set between See and Term is many to many, because a meaning
may refer to several English terms, and one term may be polysemic. The
entity Category denotes the category each meaning belongs to. The
relationship set between Category and Meaning is many to many since many
meanings are in a category, and a meaning could be in several categories
(this situation is expected to be reduced to the minimum since the goal is to
keep the classification as disjoint as possible). This relationship set embodies
the fact that our classification is not lexical (there is not a direct relationship
between Category and Term) but semantic (we relate meanings to categories,
i.e., we categorise meanings.) The entity Category has two attributes:
CategoryName and NombreCategoría, which correspond to the textual name
of the category in each considered language, English and Spanish,
respectively. Meaning has two attributes: Definition and Definición, which
correspond to the textual definition in the same considered languages. The
remaining entities (CoSin, Véase, Término) are homologous to the
respective entities (SynSet, See, Term).

The logical and physical models for the development of any
terminological database following the principles above expressed have to be
based on this conceptual model.

5. INTERFACE AND FUNCTIONALITIES OF THE
TOOLS

This section briefly describes the interfaces and functionalities of the user
tool and the author tool we have developed.
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5.1 The User Tool

We have developed a user tool, a query interface which allows us to
easily recover the information about both English and Spanish terms as well
as their relationships from the so-called terminological database. This
database holds the terms, categories, their attributes, and the relationships.
The interface allows the user to navigate the semantic categories, also
allowing retrieving the relevant information of any term (definition, other
related terms, translation, synonyms, ...).

The Start window of this tool allows the user to select the base language
(i.e., the source language for translations and for representing dialogues)
among the available languages by pressing its button (from now on, we
consider a bilingual dictionary so that it is unnecessary to select the source
language or the target language).

This action pops up the Semantic Category window, as shown in Figure
8; its left pane shows the semantic categories structured as a tree, and the
right pane, all the words under the highlighted semantic category. The total
number of terms is showed on top of the right pane. The nodes in the tree
can be clicked in order to expand or contract semantic categories subtrees. A
text box is used for term lookups so that the closest word to the substring
typed is shown in the right pane. Pressing Enter or double-clicking the
highlighted word yields to the Query window. This window shows the
relevant information about the selected term: its definition, comments, the
list of semantic categories it belongs to (the one corresponding to the shown
definition is highlighted), the synonym set and the list of related terms. It
also displays a navigation history. It is possible to select another semantic
category in this window, which results in updating all the relevant
information. Direct access to the terms in both the synonym and related
terms windows is allowed by double-clicking.
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The Semantic Category window has a control box with buttons to
activate the return to the Start window, navigate backwards, translate the
selected word, print, and exit the interface. The Translate button offers one
of the main functionalities of this interface, i.e., the translation from the
(source) base language to the target language and, when pushed, it pops up
the Translation window (Figure 9). This window shows a first field for the
term in the first language, and a second field for the term in the second
language. There are also navigation buttons for searching other terms in the
same semantic category under an alphabetical order. It is possible to
translate from the first or from the second language by using two buttons
which express the two possible translation directions. Also, the Go to buttons
allow us to go to the Semantic Category window for the selected term. This
completes the overall description of the functionalities of the user tool.
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5.2 The Author Tool

The author tool allows the author to add new terms to the terminological
database, and all the relevant information, such as its definition, semantic
categories, meanings, synonym sets, and related terms. We have developed a
Spanish user interface for this tool (easily rewritable to other language), and
it consists mainly of one Author window, as shown in Figure 10. It has
several management areas (indicated by superimposition in this figure)
which are explained next.
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5.2.1 Semantic Category Management

This area is intended for managing all the operations related to semantic
categories, as illustrated in Figure 11 with a fragment of a taxonomy. It has
several controls: a hierarchical view of the semantic categories (with
expand/collapse functionality), text fields for the semantic category names
(English and Spanish), and the buttons Add Category, Delete Category, and
Modify Category. The insertion point when adding a new semantic category
is the highlighted semantic category, and the Spanish and English texts for
the semantic category name must be typed in the aforementioned text fields.
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5.2.2 Meaning Management

The area for meaning management, illustrated in Figure 12, consists of
two lists for the meanings in both languages and the buttons Add, Delete,
and Modify for addition, deletion, and modification of meanings, as well as
buttons for edition (Copy and Paste buttons.) These lists shows the meanings
in the form Term Definition for the highlighted category, so that one can
see several meanings for the same term. Moreover, when a pair Term
Definition is selected, the corresponding Term Definition translation is
automatically highlighted; there is a one-to-one mapping between meaning
representation in all the languages. It should also be noted that meanings,
which are language independent, are shown with the best representation we
have in a given language, i.e., a pair Term Definition, since there are no
other pair Term Definition2 with the same meaning (note that is the same
term in both pairs.)
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5.2.3 Synonyms and Related Terms Management Area

The area on the right in Figure 12 has four lists for the synonyms, and
related terms in both languages which correspond to the highlighted meaning
in the Meaning Management area.

5.2.4 Database Control Area

This area contains the button Update, which is used to modify the
database with the typed information, and to obtain a report (text box Data
Base Report) about consistency of the database (Figure 3.3). Up to now,
consistency detection only detects lack of textual definitions for terms, but it
can be extended in order to detect other inconsistencies or omissions. This is
quite important when authoring dictionaries, since a dictionary cannot be
consistently built at each step, but it is constructively built from terms to
relationships between terms (polysemy, synonymy.) For instance, this tool
can be extended in order to give hints for detecting circular definitions (there
are commercial dictionaries with this failure), for detecting possible lacks of
synonym and related terms, and so on.
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6. CONCLUSIONS

To face the challenge of fulfilling the lack of language mastery new tools
and interfaces are needed. These tools have to be a consequence of the
linguistic concepts involved, the defined pedagogical goals, and the chosen
constructionist learning model, as exposed above. So, a sound entity-
relationship model which embodies these linguistic concepts has been
established, and it is well suited for developing lexical databases with a rich
structure. The conceptual model presented here supports the concept of
ontology.

We have developed tools for aiding to improve the language learning.
These tools are a consequence of the defined pedagogical goals and the
linguistic concepts involved, as shown above. Putting to work in service
these represents a hope for educational achievement, and the experiences
will guide the additions and modifications to improve their efficacy.

These tools can be enhanced in several ways. To mention only a few,
firstly, both the user and author tool can be deployed in a Web context in
order to allow centralised information for queries, and, what is more
important, to allow collaborative work at a distance. Secondly, they can be
extended with phonetic search. And thirdly, the author tool database control
can be improved with the identification of not defined words in textual
definitions, which can help for completeness.

Classification of meanings, as we have emphasised before, is important
for two challenging applications. First, to integrate a terminological database
into a multilingual knowledge base. And second, for information retrieval. A
sound conceptual model is necessary to integrate a terminological database
into a multilingual lexical one. We have in mind lexical knowledge bases
based on ontologies (e.g., MikroKosmos [29]), rather than monolingual on
line lexical resources (e.g., WordNet [25].) Since the conceptual model we
develop here is coherent with the concept of ontology, the implementation of
a terminological database from that conceptual model must facilitate its
integration into an ontology based lexical knowledge base. So we can
assume the implementations to be built from this model will accomplish the
conditions to be rightly used as essential steps of information retrieval
operations.
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